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PREFACE 


The  results  of  the  topside  interference  measurements  reported  in  this 
document  have  been  previously  promulgated  by  NiiLC  in  the  form  of  pre¬ 
liminary  letter  reports.  Distribution  was  limited  to  those  commands  believed 
to  be  immediately  concerned.  It  is  now  thought,  however,  that  the  results  are 
of  wider  interest.  Hence,  this  issuance  is  made. 

The  work  was  performed  under  0&MN  NAVSEC.fNHLC  Birth)  by 
members  of  the  Radio  Technology  Division  from  March  1971  to  November 
1971.  In  addition  to  the  author,  W,  M.  Chase,  L  S.  Hansen,  and  I),  It, 
Poreiuneula  participated.  This  document  was  approved  for  publication 
27  December  1 972. 
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SECTION  I 


INTRODUCTION 


1,1  SCOPE  OF  DOCUMENT 

This  document  presents  the  results  of  measurements  of  inlermodula- 
tion  (IM)  interference  taken  aboard  USS  MOUNT  WHITNEY  ( L(T  20),  USS 
BLUE  RIDGE  (LUT  l‘>Umd  USS  IWOJIMA  (l, PH  2).  In  addition,  the  results 
of  laboratory  tests  of  connectors  that  were  interference  sources  aboard 
BLUE  RIDGE  are  reported.  Details  of  the  measurement  instrumentation, 
procedures,  and  results  are  contained  in  sections  2  through  f>.  These  sections 
are  outlined  below. 

Section  2  gives  measurement  results  obtained  aboard  MOUN  T 
WIUTNTY.  and  compares  them  with  results  obtained  aboard  USS  l-OX 
tPt.d  33).  MOUNT  Will  I  NI  Y  was  found  to  have  considerably  lower  inter¬ 
ference  levels  Ilian  FOX  TON  had  previously  been  considered  to  have  the 
lowest  topside-generated  rfi  levels  among  active  Heel  worships.  Her  good 
performance  resulted  from  extensive  topside  rfi  control  measures  (nonmetallic 
topside  fixtures  plus  Mil. -STD- 131  OH  bonding)  installed  in  an  earlier  program. 
MOUN  T  WHITNEY,  on  the  other  hand,  was  originally  designed  and  built  for 
low  topside  levels. 

Section  3  presents  hf  and  vhf  results  obtained  aboard  BLUE  RIDGE, 
and  compares  them  with  results  obtained  aboard  MOUNT  WHITNEY. 

Topside  levels  were  determined  to  be  higher  than  those  obtained  aboard 
MOUNT  WHITNEY  but  lower  than  those  obtained  aboard  FOX,  and  it  is 
not  believed  topside-generated  interference  constitutes  a  high  probability 
threat  to  communications  aboard  BLUE  RIDGE. 

Certain  aspects  of  the  BLUE  RlIXiE  data  indicated  that  strong  sources 
of  inlermodulation  interference  are  contained  in  a  broadband  transmitting 
antenna  system.  This  problem  needs  further  investigation  to  devise  corrective 
measures.  Also,  both  amphibious  command  ships.  MOUN  T  WHITNEY  and 
BLUE  RIOdE,  appeared  subject  to  a  gradual  increase  in  topside-generated 
IM  levels  because  of  deterioration  of  topside  bonding.  Maintenance  costs 
could  he  reduced  by  a  limited  program  to  replace  certain  topside  items  with 
glass-reinforced  plastic  parts. 

Section  4  gives  results  of  ubf  intermodulatio.M  measurements  made 
aboard  BLUE  RlIXiE.  Topside  levels  were  found  to  be  masked  by  serious 
sources  of  interference  in  PHASOR  VO  uhf  transmitting  systems.  The  sources 
were  determined  to  be  in  Prodelin  coaxial  cable  connectors  and  the 
PJIASOR  *)0  power  divider.  Section  5  continues  reporting  the  effort  in  this 
area,  giving  results  of  laboratory  tests  wherein  corrective  measures  were 
devised.  The  method  of  installing  Prodelin  coaxial  connectors  was  drastically 
modified.  UG-30D/U  connectors  and  internal  steel  lock-washers  were 
removed  from  the  power  divider  and  replaced  with  connectors  not  having 
nonlinear  material. 

Section  ft  presents  results  of  experiments  conducted  aboard  I  WO  J  IM  A. 
This  effort  was  directed  toward  locating  and  identifying  the  most  important 
sources  of  topside-generated  interference.  New  techniques  were  successfully 
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applied  to  achieve  this  goal.  It  was,  there  lore,  possible  to  devise  a  plan  of 
minimum  topside  rfi  control  measures  for  LIMI-class  ships.  The  plan  is  mini¬ 
mal  in  the  sense  that  removal  of  only  the  worst  sources  is  recommended.  It 
is  not  expected  that  implementation  of  the  plan  would  reduce  topside  levels 
to  those  of  FOX.  It  is  expected,  however,  that  a  major  improvement  would 
result,  at  minimum  cost. 


1.2  SIGNIFICANCE  OF  FINDINGS 

The  measurements  made  aboard  MOUNT  WHITNEY.  BLUE  RIDGE, 
and  I  WO  JIMA  were  the  first  opportunities  In  apply  the  concepts  of  vcry- 
high-order  intermodulation  interference'  in  a  real  shipboard  environment. 
New  insights  were  gained  in  this  area  which  have  resulted  in  increased  ability 
to  analyze  IM  interference  frequency  spectra.  A  separate  report  on  this  sub¬ 
ject  luis  been  prepared. - 

From  another  viewpoint,  the  results  of  work  described  in  Ibis  docu¬ 
ment  show  tlu.»  a  new  level  of  technical  competence  in  the  control  of  ship¬ 
board  interference  problems  has  been  achieved.  Results  from  the  new  amphib 
ions  command  ships  show  that  warships  can  be  built  in  a  way  that  yields  low 
interference  levels.  In  addition,  the  technical  ability  to  select  the  worst  top¬ 
side  interference  sources  on  older  ships  offers  hope  that  very  worthwhile 
improvements  may  be  economically  feasible  for  active  Fleet  ships. 
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SECTION  2 


MOUNT  WHITNEY  TOPSIDE  IM  INTERFERENCE  SURVEY 


2.1  BACKC,  ROUND 

Tlie  tests  aboard  USS  MOUNT  WHITNEY  were  performed  during  Hie 
perioil  12-14  March  I  ‘>71  while  the  ship  wasen  mule  from  Norfolk,  Virginia, 
to  Guantanamo,  Cuba.  During  t he  lesl  period,  ambient  conditions  were 
close  to  ideal.  The  weather  was  clear  and  dry.  With  the  ship  s’,  earn  mg  steadily 
through  calm  seas,  there  was  a  minimum  of  sea  spray  in  the  air.  Thus, 
measured  values  were  not  temporarily  lowered  due  to  wetting  of  topside  areas. 


2.2  OBJECTIVES 

The  purpose  of  the  tests  was  twofold:  (a)  provide  data  which  permit 
overall  quantitative  assessment  of  topside-generated  intermodulation  (IM) 
interference  levels,  and  <h)  make  a  comparison  to  measured  topside  levels 
previously  obtained  aboard  USS  FOX.  Time  and  circumstances  did  not  permit 
extension  of  the  work  beyond  these  necessary  tasks.  Accordingly,  other 
technically  interesting  tests,  such  as  nonradiating  tests  of  transmitter  systems 
for  residual  IM  interference  generation  or  probing  for  specific  topside  inter¬ 
ference  contributors,  were  not  performed.  Meas.  'ements  emphasized  the 
2-50MII/  range:  however,  some  data  were  obtained  in  the  50*50M!lz  range. 

In  addition  to  the  IM  interference  tests,  the  topside  was  inspected 
for  design  details  that  wen.  potential  sources  of  interference  generation.  Thee 
observations  are  reported  in  section  2.5. 


2 .5  TEST  INSTRUMENTATION/PROCEDURES 


2.5.  I  MOUNT  WHITNEY  TESTS 

Hie  task  of  evaluating  the  overall  lopside-inierfereiiee-generaling 
characteristics  of  MOUNT  WHI  TNEY  necessitated  careful  consideration  of 
how  the  ship’s  systems  were  to  be  used.  Referring  to  figure  2.1 .  it  is  seen 
that  there  is  a  total  of  seven  broadband  transmitting' -antennas  in  the  2-50MII/ 
band.  It  was  tin  tiled  to  radiate  at  least  one  frequency  from  each  of  these 
antennas  at  some  lime  dining  the  tests.  I  ruiismiiimg  on  antennas  5*1  and 
5-5  was  considered  midship  topside  excitation.  When  these  two  antennas 
were  used  in  combination  with  5*2,  all  excitation  was  obtained,  and  uvol 
antennas  2*1.  2-2.  and  2*5  supplied  forward  excitation.  Antenna  2**1  wa% 
used  m  only  one  instance  in  combination  with  2*5  in  observe  file  speei.um 
ol  an  intermoilulalion  product  using  complex  modulation  on  one  transmitter, 
The  antennas  were  driven  In  the  normal  manner,  using  the  .ship’s  transmitters 
and  highly  sc  lei  toe  liaiismilling  mulliemtplers  at  the  appropriate  assigned 
test  Irequeneies  Since  most  of  the  ship’s  liaiismittetsare  rated  at  IkW. 
that  power  leu*!  with  ew  emission  was  used, 


’iRure  2. 1 .  MOUNT  WHITNEY  antennas  surveyed. 


MOUNT  WHITNEY  has  three  broadband  receiving  antennas,  each 
driving  an  appropriate  SKA-38,  -„V),  or  -40  receiving  imilticoupler.  In  addition, 
there  are  10  SKA-SI  “miniwhips."  All  three  broadband  antennas  and  one  of 
the  forward  SKA-5 1 's  were  used  during  the  tests  to  drive  the  receiving  test 
equipment  arranged  as  shown  in  figure  2.2. 


Figure  2.2.  MOUNT  WHITN'dY  111'  IM  Interference  measurement  system. 


Typical  operation  of  thisuHiipment  started  with  attenuator  I  set  for 
a  large  value  of  attenuation  to  preelude  detection  of  external  signals  and 
attenuator  3  set  to  zero.  The  synthesizer  was  set  on  the  desired  frequency, 
and  attenuator  2  was  adjusted  for  detectable  signal  level  at  the  K4  receiver. 
The  receiver  was  then  tuned,  using  a  40011/  i-l  bandwidth.  When  a  visual 
display  was  desired,  the  signal  was  applied  to  the  spectrum  analv/er.  and 
I  k  11/  resolution  was  used.  To  observe  an  outside  signal,  attenuator  2  was 
set  to  maximum,  while  attenuator  I  was  set  to  zero.  Tuning  of  the  ship’s 
imilticoupler  or  SKA-5 1  in  the  regular  manner  was  accomplished.  If  loo  much 
signal  was  delivered  to  the  receiver,  attenuator  3  was  adjusted  for  an  output 
reading.  The  level  was  then  matched,  using  the  frequency  synthesizer  as 
before,  with  amplitude  calibration  provided  by  the  1II’-4I  I  voltmeter. 

In  measuring  the  levels  ol  intermodulation  products  at  vhf  frequen¬ 
cies.  the  test  equipment  was  arranged  as  shown  in  figure  2.3.  This  illustrates 
the  manner  of  accounting  for  losses  by  the  test  receiving  systems  in  order  to 
obtain  interference  levels  referenced  to  the  ship’s  vhf  receiving  system.  The 
K4  receiver  was-  not  used  in  these  tests  because  its  upper  frequency  limit  is 
30MHz.  Also,  llte  upper  limit  of  test  receiving  frequencies  was  established 
by  llte  50Mllz  maximum  of  the  IIK-5I00A  synthesizer. 

The  data  obtained  in  these  tests  are  summarized  in  figures  2.4  and 
tables  2.1  through  2.4.  and  are  discussed  in  section  2.4. 


Figure  2.3.  MOUNT  WIIITNIiY  vhl'IM  interference  measurement  system. 


2.3.2  MOUNT  WIIITNHY/FOX  COM  FA  RATI  VI-  Ti-STS 

The  physical  differences  between  FOX  and  MOUNT  WII1TNI-Y  are 
obvious,  and  are  elcctromugnctically  significant.  Rigorous  comparison  of 
results  demands  consistent  lest  conditions,  which  was  not  possible  in  this 
ease.  However,  by  exciting  the  ships  with  very  nearly  the  same  frequencies  at 
the  same  power  level  and  using  centrally  located  transmitting  antennas,  a  rough 
comparison  was  possible.  The  greatest  deviation  between  assigned  test  fre¬ 
quencies  was  less  than  1%,  and.  with  the  test  transmitters  adjusted  for  250 
watts,  use  of  the  midship  antennas  3*1  and  3*3  most  nearly  satisfied  these 
conditions.  T  he  receiving  test  equipment  was  again  arranged  as  shown  in 
figure  2.2.  and  the  same  procedures  were  followed.  The  measured  MOUNT 
WIUTNFY  results  are  given  in  table  2.5.  and  are  compared  with  the  FOX 
data  in  table  2.6. 


2.4  I  FST  RFSULTS 

The  measured  data  given  in  tables  2.1 .  2.2.  and  2.3  are  arranged  to 
illustrate  the  effect  of  important  parameters,  latch  table  shows  the  measured 
interference  levels  arranged  hy  order  of  inlormodulation  product  and  time 
sequence  for  a  given  transmitting  antenna  combination.  Referring  to  table  2.1. 
it  is  seen  that  third-order  products  varied  from  a  maximum  of  +3  3d  li/p  V  to 
some  value  less  than  -IQdU/fiV.  The  time  the  measurement  is  made  has  a  primary 


effect  on  the  level  obtained.  The  data  also  show  that  the  order  of  the  IM  product 
being  measured  has  an  important  effect  on  levels.  The  highest  level  at  order  5 
and  above  was  1 2dB/juV,and  the  lowest  was  less  than  -lfklU /jaV. 

Comparison  of  the  data  in  table  2.1  with  those  of  tables  2.2  and  2.3 
shows  that  changing  to  different  transmitting  antenna  combinations  did  not 
have  any  pronounced  effect  on  the  interference  levels.  The  forward  transmit¬ 
ting  antennas  (table  2,3)  seemed  to  yield  somewhat  lower  levels.  This 
impression  probably  arises  from  the  fact  that  there  were  some  instances  where 
very  knv  ambient  noise  levels  masked  the  intermodulalion  levels. 

The  overall  conclusion  that  can  be  drawn  from  these  data  is  that  (iie 
design  and  construction  techniques  applied  to  MOUNT  WlllTNIiY  have  achieved 
a  major  reduction  in  topside  intermodulalion  interference  generation  as  com¬ 
pared  to  ships  not  so  designed. 

Figure  2.4  illustrates  the  effect  of  using  complex  modulation  on  one  of 
the  transmitters.  The  interference  appears  to  have  a  flat  noise-like  quality  over 
approximately  a  4k I  lx.  hand.  Complex  modulation  of  both  transmitters  would 
have  resulted  in  greater  bandwidth  of  significant  intermodulalion  interference. 


U0HI20N1 AE  >.11/  l‘|=n  DIVISION 
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UECFIVINO  ANTTNNA  I  II) 

INT I  UMUDIJI  A  NON  I’HODUr.T  ;»F<1  I  ? 

rilANSMI  l  UNO  SYSTEM 

THANSMI FT  I  H  I  l?.4:CCbkHs  IkVV  AVC-HAOE. 

CW.  ANT  l:NNA  wa 

iHANsMirmi ;»  iiubsmi/  irai,  uw  I'lt,  un.w 
AVCMAOE.il  I  ONE  MULTIPLEX 
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Fikuh’  C.*t,  MOUN'I  WtU  INTV  u'oeived  topside  IM  spectinni 
complex  inmlnlatiim  on  one  iianxmillei . 


TABU:  2.1 .  MOUNT  WHITNEY  RECEIVED  !1F  TOPSIDE  1M  LEVELS  - 
IkW  POWER  APPLIED  TO  MIDSHIP  ANTENNAS 
(12-13  MARCH  D/7IL 


TRANSMITTING  SYSTEM 


Transmitter  No. 

Frequency,  kll/. 

Power,  W 

Antenna  No. 

1 

2276  (El) 

750 

3-1 

12433.5  (F2) 

1000 

3-3 

22130 (F3) 

1000 

3-3 

RECEIVED  LEVELS 


IM 

Eunctinn 

IM  Erct|uency. 
kll/ 

Local 

Time 

Ambient.* 

dl)/pV 

IM  Level.** 
dB/pV 

Receiving 
Antenna  No. 

E  3-2  El 

1 7581 

2055  (12  Mar) 

26 

1-10 

E3-2EI 

1 75S 1 

205*)  (12  Mar) 

24 

1-10 

F3+2EI 

2<>67‘> 

2110(12  Mar) 

33 

1-10 

2E2-E3 

2737 

W00(l 3  Mar) 

17 

1-7 

31  1 

PS25 

WI7  ( 1 3  Mar) 

- 

27 

l-X 

:e:-ei 

225<)2 

1050(13  Marl 

-10 

*♦» 

NO 

2EHE3 

2bbK0 

1057(13  Mai) 

-10 

*** 

NO 

511 

1 1375 

0*)5S  ( 1 3  Mai ) 

0 

7 

l-S 

51  1 

11375 

1 000  ( 1 3  Mai ) 

-6 

12 

1-10 

3IM-E2+E3 

1(051.5 

1016(13  Mar) 

-10 

*** 

. 

NO 

71-1 

1 5+25 

1010(13  Mar) 

-S 

• 

NO 

oil 

20-175 

1045  (13  Mar) 

-X 

NO 

*  l  evel  existing  when  lest  transmitters  ;ne  ni  l'  the  air  using  40011/  bandwidth. 

When  not  given,  ;imhieni  is  very  small  compared  to  IM  level. 

**IM  level  icleienee  is  to  leceiver  input  with  transmitters  operating  at  indicated  power. 
No  collection  i\  made  lor  receiving  mnliicoupler  loss. 

***IM  not  detectable  in  piesence  of  ambient  level. 


TABU-  2.3.  MOUNT  WIIITNKY  Rl-riilVIil)  III-  TOUSIDH  IM  LliVlilJ* 
IkW  POWI-R  APIMJlil)  TO  FORWARD  ANTHNNAS 
(13  MARCH  l‘)7l). 


TRANSMITTING  SYSTFM 


Transmitter  No. 

Frequency,  kllz 

Power,  \V 

Antenna  Nu. 

1 

2276(1-1) 

loot) 

2-1 

** 

124.0.5  (1-2) 

1000 

2-5 

10255  (1*4) 

loot) 

2-2 

Ri:n:ivi:i)  i.lvlls 


IM 

IM  Fre(|iiency. 

Local 

Ambient,* 

IM  level,** 

Receiving 

Function 

kllz 

Time 

dlt/juV 

dB/gV 

Antenna  No. 

2F4-F2 

X076.5 

1  (ilX 

10 

*  *  * 

I-X 

2F4-FI 

1X254 

1645 

-5 

7  I 

1  -to 

21  4-1  2 

S076.5 

1754 

1 

:i  1 

l-<> 

2F4-3FI 

1 5(iX2 

1 625 • " 

16 

**:* 

1-10 

5F2-2F4 

1  6?‘)0.5 

1 05X 

-16 

4 

NO 

2F4-5FI 

I5(iS2 

1741) 

II 

*** 

l<) 

4F4-5F2 

571U.5 

1  6((‘) 

.>7  1 

*  ■¥  * 

1-7 

ol  4-41  1 

21  n(d 

1 64(i 

*  4  * 

NO 

414-51  2 

i  57  in. 5 

1  70S 

-7 

*  •*  H 

■  l-<) 

j . .... . . 

2F4-7FI 

457S 

1611 

*** 

1-7 

21  4-71-1 

457X 

17  IS 

.5 

*** 

l-n 

101  4-71  2 

15515.5 

1 65 1 

a 

*** 

NO 

''  i  eve  I  existing  when  K'st  I r iinsmit lor s  aie  tilt  t he  aii  using  >1001 1/  bandwidth 
Wlii'ii  in *1  given.  aiiihicnl  is  vc iv  small  comp.ued  to  IM  level. 

*  'IM  level  icteiciiee  in  In  tecciver  input  vvilli  liansinitieis  operating  at  indicated  power. 
No  collection  in  made  lor  icceivmg  inullicouplei  loss. 

,4'IM  not  delectable  in  piesence  nl  ambient  level. 


'I  able  14  summarizes  the  results  of  the  measurements  of  intermodula- 
tiim  levels  when  receiving  at  vhf  frequencies.  The  levels  at  t he  vhf  receiver 
system  inpi.il  appear  somewhat  higher  than  t he  preceding  hi' results.  Since 
the  levels  at  1  he  vhf  receiver  input  will  he  red  need  by  the  vhf  multicoupler 
(approximately  1IB  for  SKA-hOl.  they  are  slightly  higher  even  when  coin- 
paied  at  equivalent  points  in  the  systems.  This  does  not  mean  that  severe 
inleileteriie  will  always  occur  to  vhf  communications  by  reason  of  this  media 
man  Frequency  modulation  is  commonly  used  at  very  high  frequencies:  thus 
•  he  vlil  nWcui  may  not  be  affected.  On  the  other  hand.  Itf  systems  frequent l\ 
use  I  Sk  modulation  (as  in  fig.  14).  which  is  a  low-modulation-index  form 
"I  I  M.  I  Inis,  mleimodulation  products  could  be  expected  to  have  some  I'M 
di.uaeiei  istics  in  certain  eases.  These  observations  suggest  that  a  careful 
.inalvM':  based  on  a  larger  data  base,  is  needed. 


TAB  Mi  2,4,  MOUNT  WIIITNHY  KKCblVIU)  VIII-TOPSIDIi  IM  UiVl-LS  ~ 
IkW  I'OWKR  Art’Ll HIJ  TO  AFTIiR  ANTBNNAS 
(14  MARCH  I 07 1 


1  RANSMIT'I  IN(i  SYSTi.M 


Tiansntltler  No. 

l;ro<|iK,ttey,  kll/ 

Power,  W 

Antenna  No. 

1 

10255  (W) 

1000 

.1 4 

t 

14517(1*5) 

1000 

2*3 

Not  aseil 

PMTIVI.I)  1 .1: VI. I  S 


IM 

Timctton 

IM  l'iei|iieiiey. 

kll/ 

System 
Loss,  lilt 

lM  I.ewiT 
dll/pV 

VI  If  System 

Inpni  Irvrl  *  *  tlli/pV 

«I4 

to /(A 

s 

21 

2r> 

l-st.’l  4 

tsu2  > 

s 

lx 

’  t 

’1  Ml  I 

ai.vs'i 

N 

1 

51  s 

1  >ss| 

S 

1  1 

I't 

*11  5-1*4 

47X1. t 

5 

0 

5 

01-4-1*5 

4701.1 

5 

It 

IS  . 

71*4-21*5 

42751 

5 

•3 

t 

5I-5-4IM 

.11  StA 

5 

•t 

o 

^Ambient  noise  less  than  teeeivei  system  noise.  IM  not  detectable  at  Icvels.bclow  -54  ll/p  V. 
apptnximalcly. 

**All  levels  imsiMiied  iimiij;  antenna  5-4. 


Tabu-  ,\5  smtittian/es  the  data  token  with  1 5()W  iiaiismitler  power. 

I  liese  data  were  token  under  similar  eoiulitnins  to  those  i.'iwn  lit  table  2.1 .  so 
a  comparison  should  show  the  ell'eet  of  li.insinitter  powet.  Comparing  the 
Jala,  it  is  seen  that  there  is  little  apparent  difference.  In  some  eases,  inter- 
moJulation  level  increases  with  transmitter  power:  in  other  eases,  the  eon- 
verse  is  true.  Indications  are  that  the  Jittereiitials  arise  more  I  ruin  the  time 
variability  of  shipboard  levels  than  front  elm  nee  in  transmitter  power,  flits 
is  consistent  with  earlier  results  obtained  at  Ni  l  <’.  which  showed  very  small 
changes  as  transmit  ter  power  changed  front  50W  to  500W.  i-Nlrapolatton  to 
higher  power  levels  (MOUNT  Will  I  NI  V  has  several  5kW  transinittersi  would 
be  unwise.  This  ts  be  cause  the  physics  of  the  intertereitee-eausme  inecluniisitis 
may  change  at  Hie  higher  excitation  power  levels. 


TABU  2.5.  MOUNT  WHITNKY  RliCHIVI-U  HF  TOPS  IDF  IM 
LI.VFLS  2 SOW  POWHR  APPLHiD  TO  MIDSHIP 
ANTFNNAS  <12  MARCH  1971). 

TRANSMITTING  SYSTKM 


Transmit  lei  No. 

TTct|iicney,  kll/ 

Puwi'i ,  W 

Antenna  No. 

t 

227{i  (t;l ) 

250 

.11 

V 

124.1.1.5  (10) 

250 

.1.1 

,t 

221.10110) 

250 

.t-.l 

Kiciivi  n  I.I-.VU.S 


IM 

I'Tnii'tion 

IM  l-Tei| iieiiev . 
kll/ 

1  neat 
(Tim* 

Amlueiil.* 

dlt/fiV 

IM  level.'* 
lill/pV 

Receiving 
Anieiuia  No 

21-2  1  .1 

2"  17 

1  Mil 

il 

1  7 

ill 

(|S.\S 

1 ;  i  • 

'  < 

l-x 

'I  ;  l 

r»‘js*i  •» 

III' 

1 

:  1 

l>. 

1  x 

5 II 

II. 1st) 

bill.’ 

-i.i 

4 

IS 

51  1 

1 1  .ISO 

MtlS 

-10 

_  1 

NO 

5TT 

1 1  .'SO 

l«US 

4 

j 

4  T  •!' 

MU 

7  FI 

I5«w 

14. is 

-7 

s 

NO 

71-T 

2CMS4 

1510 

-Ml 

NO 

*1  owl  existing  wliou  icsl  luiMMiiillois  ;no  i»IT  ihc  ;m  using  40011/  haiiilwidlli . 

Wlion  uni  given,  aiiilnent  Is  very  siimll  toinpaioil  in  IM  loci. 

4*IM  level  rcfeieneo  is  to  loeeivei  in  pul  whit  t  i.insmit  lets  o|x-j:iI  nu;  ;il  indicated  |xnvei. 
Nn  iiineolli.,'1  h  nude  tin  receiving  mull Kouplci  li 
1  I M  not  dciecinldc  in  |neseiioo  "I  amlueiil  level. 


I  aide  2,<>  shows  (lie  comparison  In  levels  measured  .ihoaiil  I  OX  ll 
was  in  eessarv  In  ailjusl  I  lie  raw  data  of  both  lesls  lo  arrive  al  ei|imalenl 
comparison  pninls  in  Hie  Iwo  ships'  systems.  I  he  values  given  represent  l he 
available  interference  power  in  ihe  two  ships’  ivspeelive  receiving  anlennas. 
As  (lie  da  la  show,  third-order  levels  are  about  (lie  same,  but  filth  and  seventh 
orders  are  significantly  lower  on  MOUN  T  Wlll'l  NI  Y,  while  ninth  order  is 
very  low  on  both  ships. 


TABLE  \f>.  COMPARISON  OF  TOPSIDE-GENERATED  HARMONIC 
LEVELS  ON  MOUNT  WHITNEY  ( 1 2  MARCH  1971) 

AND  FOX  (JUNE  1970). 


TRANSMITTING  SYSTEMS 


MOUNT  WHITNEY 

EOX 

Transmitter 

Frequency, 

Power , 

Antenna 

Transmitter 

Frequency, 

Power, 

Antenna 

No. 

kHz 

W 

No. 

Nr,, 

kHz. 

W 

No. 

1 

227(i 

250 

.1-1 

1 

2272 

250 

2-1 

■> 

124.0.5 

250 

.i-.i 

** 

12.1.15 

250 

2-‘> 

.t 

22l.it) 

250 

.i-.t 

t 

221  3ft 

25(1 

2-0 

RECEIVED  LEVEES 


MOUNT  WIIITNI-.Y 

EOX 

IM 

IM  Eloquence. 

IM  level.' 

IM 

IM  Frequency , 

IM  level.' 

.ilspjV 

1' line!  lull 

kllz 

dll/gV 

luiistKin 

kllz 

Max 

A'g 

Mi,. 

51-1 

(>82« 

55 

5EI 

Ml  ft 

44 

,V> 

31 

5FI 

11580 

7 

SET 

1 1 5(i() 

32 

22 

24 

71*1 

15952 

T 

7  FI 

15904 

51 

21 

21 

'JET 

20484 

-10** 

'JIT 

20448 

<8 

<(, 

ff  2 

♦Levels  given  sue  coriccied  for  receiving  ninlilconploi  loss  on  MOUNT  WHITNEY  and  antenna 
mismatch. loss  on  EOX. 

♦♦l  evel  Is  atmospheric  noise  level.  *)|?1  is  not  dctcclnhlc  umlei  these  conditions.  This  con¬ 
dition  also  existed  on  EOX;  Imwevei,  iiinbienf  noise  levels  wore  higher  in  the  latter  ease. 


2.5  TOPSIDE  INSPECTION  OBSERVATIONS 

While  touring  the  topside  antenna  area  on  1 1  March,  members  of  the 
NI-T.C  leant  observed  many  topside  design  details  the  eluiraelerislies  of  which 
conform  to  ideas  long  advocated  by  investigators  of  topside-generated 
interference.  However,  during  the  period  of  MOUNT  WIIITNEY’s  eonstruc- 
t ion,  advances  in  the  art  of  controlling  this  type  of  interference  had  been 
made  which  could  not  have  been  included  in  1  lie  ship  construction  contract. 
One  practice  which  is  now  considered  obsolete  and  which  was  followed  on 
MOUNT  WHITNEY  is  the  use  ofrfi  bondstraps  bolted  in  place  or  otherwise 
removable.  T  his  sorl  of  fitting  is  easily  lost .  and  imposes  a  continual  mainte¬ 
nance  problem  on  the  ship.  Present  engineering  practice  would  avoid  this 
problem  by  replacing  the  metallic  object,  which  needs  bonding,  with  a  non- 
metallicone  designed  to  serve  the  same  function.  This  eliminates  the  non¬ 
linear  junctions  and  the  need  for  bondstraps.  One  example  of  a  possible 
application  of  these  methods  onboard  MOUNT  WHITNEY  would  he  replace¬ 
ment  of  the  jack-staff. 


2.6  CONCLUSIONS  AND  RECOMMENDATIONS 

«.  There  is  no  doubt  MOUNT  WHITNEY  enjoys  a  suhstn ntiolly 
lower  level  of  received  topside-generated  self-interference.  After  adding 
receiving  nudticoupler  losses  to  the  levels  measured  in  these  tests,  resultant 
levels  are  equivalent,  or  slightly  below,  those  obtained  on  HUNKER  HILL,  the 
NE1.C  test  facility.  Results  obtained  al  orders  5,  7. and  higher  are  especially 
encouraging  because,  fora  given  number  of  transmitters  radiating,  the  higher 
orders  result  in  many  more  interference  signals  than  the  third  order  does. 
Roughly.  MOUNT  WHITNEY  levels  appear  to  be  iWKE'hlH  lower  than  war¬ 
ships  which  have  neither  been  designed  for  low  topside  interference  nor  have 
had  “fixes"  applied. 


h  The  comparison  of  MOUNT  WHITNEY  to  l:()X  shows  a  dear 
advantage  for  the  former  ship,  flic  advantage  is  most  dear  for  fifth- and 
higher-order  products. 


c.  At  the  present  time,  a  major  el  tort  directed  toward  topside  ill 
“cleanup"  is  not  warranted  aboard  MOUNI  WIHTNI  Y.  MainlenaiKe  ol 
present  low  levels  is  expected  h>  be  a  tut ure  problem.  Ueleiioulion  <>l  some 
rfi  bondslraps  topside  was  noticeable  at  the  time  of  these  tests.  Piecemeal 
removal  of  potential  interference  contributors  bonded  items  vulnerable  to 
loss  of  bonding  and  their  replacement  with  appropriate  standard  glass- 
reinforced  plastic  {CtRIU  items  now  available  or  in  development  stages  is 
recommended  to  reduce  life-cycle  maintenance  costs. 


d.  Interference  to  vhf  receiving  systems  hv  reason  of  topside  inter- 
modulation  between  hf  transmissions  is  a  possibility.  (See  section  for  a 
more  thorough  testing  of  this  possibility.) 


SECTION  3 


BLUE  RIDGE  HF/VHF  TOPSIDE  IM  INTERFERENCE  SURVEY 


3.1  BACKGROUND 

The  hf  anil  vhf measurement  results  given  in  tltis  section  were  obtained 
aboard  USS  BLUE  RlIXiE  during  the  period  2-5  August  1971 .  The  entire 
tusk  assignment  included  measurements  at  hr,  vhf,  and  uhl'aiul  comparison  of 
results  to  those  obtained  aboard  MOUNT  WHITNEY  in  March  1971.  The 
uhf  results  are  given  in  section  4.  Since  ulif  data  were  not  obtained  aboard 
MOUNT  WHITNEY,  the  comparison  of  results  (given  in  this  section)  is  limited 
In  hi' and  vhf. 


4.2  TEST  INSTRUMENT ATION/PROCEDURES 

I  lie  antennas  used  during  the  hf'vlil  lest  sale  shown  in  figure  4.1 . 
Antenna  2-4  was  not  used  due  to  pool  impedaiue  match,  t  his  necessitated 
substitution  of  the  I  .PA  (antenna  2-4). 

In  making  specific  intcrmodulation  product  measurements,  the  test 
equipment  was  arranged  in  the  receiver  room  as  shown  in  figure  4.2. 

Figure  4.2A  shows  the  interface  between  the  test  equipment  and  the 
ship’s  receiving  system.  The  functions  of  the  three  transmitter  monitor  and 
control  units  were  to  allow  test  personnel  direct  control  of  test  transmitter 
keying,  while  observing  the  presence  of  the  radiated  transmitter  fundamental 
frequency  energy.  The  control  units  also  permitted  the  direct  comparison  of 
the  transmitter  carrier  frequencies  to  the  frequency  standard  by  the  "zero 
heat”  method.  In  test  operations,  it  is  necessary  to  show  that  intcrmodulation 
energy  levels  generated  in  the  monitor-control  are  not  sufficient  to  affect 
measurement  results.  This  was  done  hv  sequentially  disconnecting  the  rf  input 
to  the  monitors,  while  observing  the  level  of  a  received  IM  product.  Since 
there  was  no  measurable  effect,  ihc  monitor-control  equipments  did  not 
influence  results.  This  cheek  was  done  whenever  a  new  transmitting  frequency 
was  used  or  the  transmitting  antennas  were  changed. 

Figure  4.2B  shows  ihe  arrangement  of  the  receiving  test  equipment. 
The  two  separate  receivers  are  the  reference  IM  receiver  arid  the  data  IM 
receiver.  The  reference  IM  receiver  was  set  to  the  third  harmonic (74Xokll/.) 
of  the  lowest  transmitting  frequency  f  24f>2kl  lz.).  This  was  done  to  obtain  a 
reference  signal  for  evaluating  variability  of  topside  conditions.  The  data  IM 
receiver  has. the  advantage  of  being  quickly  and  accurately  changed  in 
frequency.  The  noise  figure  is  approximately  l4dB,  which  yields  a  system 
noise  level  of  -27dB//zV  with  4001  lz.  bandwidth.  Use  of  the  synthesizers  in 
the  test  system  greatly  accelerated  test  operations  by  eliminating  the  need  to 
change  crystals  in  the  Drake  receiver. 

To  observe  IM  spectra  with  heavy  transmission  traffic  demands,  nine 
of  the  ship’s  transmitters  were  operated  as  shown  in  table  4.1 .  Since  none  of 
the  transmitters  were  operated  above  10MHz.,  a  sweep  of  the  spectrum  from 
1 0-30MI  lz.  could  lu*  made  using  the  equipment  arrangement  of  figure  4.3. 

The  spectrum  analyzer  was  arranged  to  show  either  1 0-20MHz  or  20-30MH?, 


Figure  3.1 .  BLUE  RIDGE  hf/vhf  afttennas  surveyed. 


spectra  as  desired .  The  exposure  time  of  (he  camera  was  set  equal  to  the 
time  required  for  one  spectrum  analyzer  sweep.  To  obtain  the  data,  the 
appropriate  niter  of  the  SKA-40  imillieoupler  was  limed  in  250kHz  incre¬ 
ments.  with  one  exposure  of  the  camera  film  per  lilter  liming  increment. 

The  function  of  the  oscilloscope  was  to  provide  an  auxiliary  spectrum  display 
to  permit  viewing  hy  the  operator  with  the  camera  in  place  over  the  spectrum 
analyzer  display. 


ANT  MO  CANTED  DIPOLE 


Figure  3.3.  Receiving  equipment  tor  BLUE  RIDGE  maximum  radiation  test. 
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TABl.i;.  .1.1.  TRANSMITTING  KQUIPMliNT  USFD  IN  BLUli  RIIX2I- 
MAXIMUM  RADIATION  TKST. 


Transmitter  No, 
(SRC-23) 

Frequency,  kit/ 

limksloit 

Avg  Power ,  W 

Anlctmn 

Coupler  No. 

3-2 

2240 

3A7.I 

700 

Twin  fan 

If. 

3200 

3A7J 

700 

Cone 

35-o.  frame  30 

3357  ' 

3A7.I 

800 

Twin  Ian 

16.  frame  f.5-7 

7-1 

4328 

1 .2-111 

700 

Cone 

35 -f. 

3-1 

0218.5 

3A3J 

700 

Cage 

3f»-f>. traiiK'  IK 

8-1 

8518 

1.24  II 

700 

Cage 

3f.-8, frame  IK 

l-l 

‘>250 

1 .241-1 

700 

Cage 

3fi-t.lrame  IK 

4-3 

2075 

3  A  7.1 

MX) 

Twin  Ian 

If. 

lit 

32<>  2 

3  A  7.1 

50!) 

Cone 

35-1 

3.3  TI:Sr  RESULTS 


Results  or  the  measurements  are  given  in  figures  3.4  and  3.5  and  in 
tables  3.2  through  3.5.  Figure  3.4  shows  the  level  of  the  reference  third 
luirinonic  as  a  function  of  time.  Tables  3.2  through  3.5  summarize  results  of 
all  the  other  specific  intermodulation  product  measurements  exclusive  of  the 
third  harmonic.  Figure  3.5  is  a  spectrum  sweep  obtained  during  the  maximum 
radiation  lest.  In  addition,  results  of  uhf  ambient  noise  measurements  made 
during  the  maximum  radiation  period  are  presented  in  table  3.0.  and  the 
receiving  equipment  used  is  shown  in  figure  3.0. 

These  results  arc  discussed  in  detail  below. 
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FREQUENCY:  2462kHz <F1)  FREQUENCY  7386kHz  (3FI) 
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l-iguie  3.4.  Third  haimonie  level  as  a  limeiioii  of  lime  BLUli  RIDGli  ht/vhl  IM  inter¬ 
ference  measiircnieiits. 
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Figure  i.h.  Receiving  equipment  used  H>  measure  ulif  ambient  noise  levels 
during  IlLUII  RHXiii  maximum  radiation  test. 


TABI.K  3.2.  Bl.UK  RIIX’.K  RK('KIVKl)  1111’  TOPSIDK  IM  LKVKLS 
IkW  POWKR  APPUKI)  TO  MIDSHIP  ANTKNNAS 
<2  AUGUST  l‘)7l). 

TRANSMITTING  SYSTKM 

Ttansniitter  No.  I  l;iei|neiicy,kll/  I  Power.  W  I  Anlciina  No. 


2 

1000 

5-5 

::i3(mi;.d 

1001) 

5-5 

ri:ci:ivi:d  i.hvi.ls 

INI  I'nneiion  1  IM  T'leqncncy, kll/  1 

IM  level.  (IH//jV 

|  Keeeivine  Anienna 

10  011 

’7()5-| 

!(l 

NO 

l-.i-Jl  l 

175X1 

50 

MO 

:i':-i-.) 

:5.!>r.x 

25 

1-7 

:i;M;i 

:::o7,s 

5: 

1-10 
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12510 

52 

1-10 

.;i-i-:i:-tio 

4K-t(..2 
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71- 1 

\i:.u 

■ 
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1  -to 

*IM  mu  delectable  in  piesence  of  ambient  level.  Operating  transmitters  at  indicated  power 
prod  need  no  increase  in' received  etieiev. 


TABIT.  3.3.  HI.UK  R I IX  IK  RK(’KIVKI)  III-*  TOPSIDK  IM  l.l-VI  LS 
IkW  POWKR  AITLIKD  TO  KORWARD  ANTI-NNAS 
(3  AUGUST  l‘>71). 


TRANSMITTING  SYSTKM 

I raiiMiiil lei  No.  I  l  iecpiency.  kll/ 


Power.  W  I  Antenna  No. 


TABLE  3.3  (CONTINUED) 


unction  |  IM  Eret|iiency,kll/  |  IM  level,  illl/jiV  |  Receiving  Antoml; 


'I 


2E4-3EI 

3E'2*2E4 

4l-4-.tr,! 

3I4-4I-T 

314-71  I 

ml  i- 'i 


1514.1 
144  75 .5 


<;  pis 

’li tot s 


7* 

QKM** 

4tORM|*+ 

-7 

NORM  I* ' 
.|*»*'  > 


*  Distuned  imisii- mulilili- no  IM 

* '•'Levels  ;ue  lecelved  ut  f-slii|>  signals  (ORM)  which  mask  IM  level. 

***  Level  Isamlileni  only.  Opeialim’  liansmltleisal  liulleaieil  (kiwci  level  (iiudnced  in> 
increase  In  lecelvwl  eneigy. 

TABU- 3.4.  lil.UE  KIlKil:  RECEIVED  HE  TOPSIDE  IM  LEVELS 
IkW  POWER  AI'I’I.ILD  TO  ALTER  ANTENNAS 
(3  A IH ilLS  L  1071  i. 

TRANSMIlTINt;  SYSTEM 


Transmitter  No,  I  Eretiuency.  kll/.  I'owei.W  I  Antenna  No. 


Kin  ivi  u  1 1 
IM  Li  iciiiin 


.ti'2-214 

I447S.5 

15 

1  -to 

214-511 

15143 

12 

I-IO 

4E4-t|  3 

XO^.O 

.-I 

ns 

3E4-IEI 

25*45.5 

1 1 

NO 

21-4 -711 

525*) 

-17 

1  -7 

1014-714 

26303.5 

1-10 

♦level  is  amhieni  only.  Opera  ling  tiansimlleis  al  indicated  power  produced  nu  increase 
in  received  energy. 

There  arc  indications  that  some  of  the  most  important  nonlincarities 
contributing  to  the  high  third  hurmonie  level  were  also  excited  by  other  trans- 
milter  frequencies,  Referring  to  figure  3,4,  it  is  seen  that  the  level  of  3FI 
dropped  I  OdU  when  1*2  was  keyed.  This  "loading"  effect  has  been  observed 
frequently  in  other  shipboard  tests,  Usually,  it  is  considered  that  the  energy 
front  the  second  transmitter  causes  a  "bins"  to  he  developed  in  one  or  more 
strong  nonlinearities,  which  in  turn  causes  an  increase  in  “conversion  loss," 
thereby  producing  a  lowered  31*’ I  received  level.  Since  F2  is  roughly  12MHz, 
it  might  appear  that  excitation  of  the  nonlincarities  by  this  frequency  would 
mean  the  idea  of  the  interference  source  being  within  the  2-fiMHx  transmitting 
system  is  incorrect.  I  lowever,  antennas  of  the  twin-fan  type,  similar  to  3*1 , 
often  function  well  at  I2MII/.  Also, antenna  3-3,  which  radiated  the  I2MI1/. 
energy,  is  physically  very  close  lo  antenna  3-1 .  and  shares  the  same  supporting 
.superstructure  (as  shown  in  fig.  3.1 ).  Thus,  llu*  possibility  of’ close  coupling 
between  these  two  antennas  exists,  at  least  near  I2MII/.  Also,  the  "loading” 
effect  existed  only  I'oi  Ibis  particular  combination  of  antennas  and  fretiuencies. 

It  is  therefore  a  reasonable  hypothesis  that  two  groups  of  nonlineari- 
ik  s  weic  uper.ilmg  dining  the  speed ic  IM  measurements.  One  group  hud  its 
strongest  cnnlribulor(.s)  in  the  broadband  circuitry  of  antenna  3-1  that  is, 
all  eoin|H)nents  beginning  with  the  transmitting  rnulticoupler  combiner  and 
extending  outboard  in  (he  direction  of  power  Mow  to  the  last  piece  which  is 
part  of  identifiable  antenna  hardware.  The  second  group  consisted  of  all  the 
topside  interference-general ing  nonlincarities  which  appear  lo  be  more  or  less 
equally  excited  by  all  transmitting  combinations. 

The  significance  of  the  hypothesis  is  that,  when  two  or  more  trans¬ 
mitter  signals  are  radiated  using  antenna  3-1 ,  very  much  higher  levels  of  inter- 
modulation  interference  can  be  expected  in  the  ship's  receiving  system  than 
when  oilier  transmitting  combinations  are  used.  The  levels  expected  would 
be  much  like  those  aboard  untreated  warships  measured  earlier  in  the  rfi 
program.  IM  products  through  at  least  the  ninth  order  will  be  of  significance 
when  IkW  transmitters  arc  used.  When  higher  transmitter  powers  are  used, 
higher  orders  than  the  ninth  arc  likely  to  become  significant.  On  the  other 
band,  using  transmitters  on  other  antennas  will  result  in  greatly  reduced  IM 
levels.  Not  using  antenna  3-1  isan  unsatisfactory  restriction  upon  operational 
usapi*  of  the  ship’s  communications  system.  It  will  be  necessary  to  locate  and 
cot  reel  the  prohlem(s). 


3.3.2  MAXIMUM  RADIATION  TKST 

The  data  given  in  figure  3.5  ate  not  very  informative  about  interference 
conditions*.  The  primary  reason  is  that  there  is  no  way  to  differentiate  between 
interference  and  desired  signals.  For  example,  there  is  a  spectrum  shown  in 
figure  3.5  at  a  level  of  about  27dB/juV  just  above  1 5MII/.  which  is  about 
200k ii/.  wide,  liven  so,  the  ship  was  maintaining  high-quality  reception  on 
an  important  channel  in  this  frequency  range  all  during  the  maximum  radia¬ 
tion  test.  Therefore,  at  least  some  of  the  energy  was  desired  signal,  not 
interference. 

It  was,  of  course,  planned  to  take  additional  spectrum  data  with 
minimum  radiation.  However,  the  first  part  of  the  experiment  took  too  long. 
Sufficient  diurnal  change  in  propagation  conditions  occurred  so  that  remote 


signals,  etc.,  caused  large  segments  of  the  spectrum  to  contain  more  energy 
than  when  all  transmitters  were  radiating.  Also,  data  recording  during  this 
latter  phase  was  hampered  hy  failure  of  the  camera  shutter,  and  visual  observa¬ 
tion  of  the  spectrum  display  was  necessary. 

These  results  are  of  only  instructive  value.  Should  another  such 
measurement  be  attempted,  more  useful  results  would  he  obtained  by  using 
a  more  sensitive  spectrum  analyzer  (with  a  more  reliable  camera)  and  a  more 
rapid  keying  .sequence  of  the  transmitters,  liven  with  the  manually  operated 
filters  of  the  SKA-40,  it  should  he  possible  It)  perform  at  least  two  sweeps  in  a 
I -hour  period.  If  the  proper  starling  time  were  chosen,  propagation  conditions 
could  be  expected  to  remain  sufficiently  stable  to  obtain  good  data  in  that 
length  of  lime. 

The  uhf  noise  incense  during  this  lest  shown  in  table  .3.  ft.  is  interesting. 
Compared  to  the  other  forms  of  inlerfercmr  reported  in  NI-.I.C  Idler  Report 
2IOO-23K.3  these  results  are  not  regarded  as  a  erious  lineal  to  present  com 
municalions  systems.  However,  some  future  systems  may  need  to  make 
allowance  For  this  el'leel.  I'lll'  SA  l<  ()M  systems,  for  example,  may  he  milsnle- 
amhient-noise-limileil  as  opposed  In  inter  n:il-iecei\er  inn  ,v  limit,. d.  I  lii.s aiiiii- 
tioual  noise  produced  the  same  audible  sound  in  the  earphones  as  the  output 
of  the  calibrated  noise  generator  when  it  was  used  to  obtain  the  same  meter 
deflection.  Therefore,  il  can  he  considered  while  noise,  to  a  first  approximation. 


3.4  BLUE  RIDGE/MOUNT  WHITNEY  COMPARISON 

The  summary  comparison  of  results  obtained  aboard  MOUNT  WHITNEY 
with  those  obtained  aboard  BLUE  RIDGE  is  given  in  table  3.7.  It  should  be 
noted  that  the  results  given  for  BLUE;  RIDGE;  do  not  include  the  data  of 
figure  3  4.  These  are  omitted  on  the  basis  of  the  plausible  hypothesis  dis¬ 
cussed  above  that  is.  the  third  harmonic  levels  were  due  primarily  to  the 
transmitting  system. 

'technically  speaking,  the  overall  differential  factor  is  l.nlB  m  favor 
of  MOUNT  WHITNEY  at  hf.  This  much  difference  in  overall  averages  is 
UMialiy  considered  sufficient  to  lie  statistical!)  significant.  However,  the  most 
sinking  results  are  the  very  low  levels  obtained  aboard  M<  )t  * N I  Will  I  NE  Y 
from  lime  to  nine.  Actually,  the  MOUN'I  WHIT  Nl  Y  results  are  so  low  that 
it  is  probably  not  very  important  that  BLUE  RIDGE  had  I3dll  higher  topside- 
generated  levels  fora  number  of  years,  lop-idc-rfi-rcduction  research  work 
at  Nl  l.C  has  had  a  technical  goal  well  matched  by  i lie  performance  of  BI  DE 
RIDGE,  as  given  in  table  3.7,  Shice  the  seventh  and  higher  orders  of  inter- 
modulation  interference  average  approximately  IjjV  >>r  less,  they  can  be 
reasonably  termed  unimportant  interference.  This  premise  seems  to  correlate 
with  the  lack  of  difficulty  in  receiving  remote  stations  during  the  maximum 
radiation  lest  described  earlier. 

However.  Bl.Uli  RIDGE,  does  have  considerably  higher  transmitting- 
system-generated  intermodulation  interference  than  MOUNT  WHITNEY. 


3 Nav.it  tdeelionies  lahmalory  Center  Letter  Serial  2  I00-2.W.  .Subject:  IIIIE  Intcrmodula 
lion  Interference  USS  HI. UL  RllXil;  ( LCC  |U),27  August  I  ‘17 1 . 


Aboard  the  lutter  ship,  there  were  no  peculiarities  of  the  measurement  results 
as  were  obtained  aboard  BLUH  RllXili, 

At  vhf,  there  was  no  measurable  difference  in  intcrmodulalion  levels 
aboard  the  two  ships.  Third-order  IM  products,  for  example,  differed  by  only 
I  .SdB:  MOUNT  WIIITNIiY  having  an  average  level  of  2ldB/fiV  while  BLUM 
RIIX1H  had  22.5dB/pV.  This  differential  approximates  the  experimental 
accuracy  to  he  expected  in  shipboard  measurements. 


TABU:  3.7.  COMPARISON  Oh'  RliCHIVIU)  III*  TOl'SIDI-  IM 

M:VKUS()N  MOUNT  WIIITNkY  AND  lil.UI*  RllXili. 


IM 

Order 

-  1 

Mt)l INI  Will  1  M  Y 
IM  lewis,  it  It/a  V 
!  Mm  Avg  Mi  \ 

III  ni-  KilX.I- 
IM  levels. .lll/pV 
Mui  Avg  Mas 

Relative  IM  1  eve  Is 

(III  li|-  RIDCI  -MOUNI  WIIIINI  Yi 
dll/gV  (avg) 

3 

-10*  IS  3l> 

14  20  37 

+  11 

5 

-mi*  2  i: 

12  15  32 

+  13 

7 

-27*  -II  2 

-7  3  11 

+  14 

<) 

-27*  -15  -S 

-17 

‘Noise  level  obscures  IM  level. 
“InsiilTiiieiil  ilaia  I'oi  comparison. 


3.5  CONCLUSIONS  AND  RLCOMMKNDATIONS 

Measurements  of  interiiHHlulalion  interference  aboard  UI.UI-  KIIXII-! 
resulted  in  the  following: 

a.  Measurements  of  pari ieular  IM  products  strongly  indicate  tiiat 
under  certain  conditions  generally  low  levels  of  topside-generated  interference 
will  give  way  to  much  higher  levels  generated  within  one  of  the  ship's  2 -6MHz 
transmitting  antenna  systems.  Levels  attributable  to  topside  sources  average 
2lMB/juV  for  third-order  products:  seventh  and  higher  order  products  are  on 
the  order  of  I juV  or  less,  and  can  he  reasonably  considered  unimportant. 
Conversely,  levels  attributable  to  the  antenna  system  are  23 JB  higher  for  the 
third-order  product:  the  highest  order  of  significance  is  not  known,  but  it  is 
surely  greater  Ilian  the  seventh.  Therefore,  it  is  recommended  that  a  program 
to  locate  and  remove  iionlincarities  in  the  antenna  system  be  undertaken. 


b,  The  attempt  to  measure  ovcroll  shipboard  self-interference  over 
a  wide  hf  frequency  range  while  transmitting  with  nine  transmitters  did  not 
yield  useful  data.  The  primary  reason  was  the  change  in  propagation  condi¬ 
tions  which  occurred  during  the  measurements.  Increases  in  signal  strength 
from  remote  stations  confused  the  results.  On  the  other  hand,  observations 
of  uhf  noise  during  the  same  test  were  successful,  UUP  noise  increased  2dB 
when  nine  hf  transmitters  were  on  the  air. 

c.  Comparison  of  the  self-generated  hf  interference  characteristics 
of  B1.UI-  RlIXili  and  MOUNT  WIIITNKY  shows  a  distinct  advantage  in  favor 
of  MOUNT  WII1TNI1Y.  Her  topside-generated  levels  average  1 3dB  less  than 
those  of  BLUI-  KIlKil..  in  addition.  MOUNT  WIHTNIiY  did  not  indicate 
any  interference  generation  by  the  transmitting  antenna  system.  On  the  other 
hand,  vhf  levels  aboard  the  two  ships  were  found  to  be  equal. 


SECTION  4 


BLUE  RIDGE  UHF  TOPSIDE  IM  INTERFERENCE  SURVEY 


4,1  BACKGROUND 

As  stilted  in  the  preceding  section,  the  entire  project  of  mcusuring 
shipboard  inlermodululion  interference  aboard  BLUB  R1IXIB  included 
measurements  at  hf,  vhf.and  ulif.  Tito  hfand  vhf  results  were  presented  in 
section  3,  This  testing  also  Indicated  significant  sources  of  interference  in  the 
ship's  uhf  coaxial  cabling; since  similar  cabling  techniques  may  be  used  in 
many  installations  in  the  Fleet,  the  uhf  results  wore  selected  for  separate 
reporting. 

Aside  from  the  intermodulalion  measurements  that  were  made,  two 
pi  incipal  interference  generators  the  RCI-.13 1  /IJ  connectors  and  the  FI  I A  NO  R 
UO  power  divider  were  examined.  The  results  of  these  studies  are  also 
reported  here. 


4.2  IM  INTERFERENCE  TESTS 

A  series  of  diagnostic  tests  was  performed  to  isolate  the  principal 
interference  generators.  The  concept  of  these  tests  envisaged  two  phases. 

In  the  first  phase,  one  complete  I'llASOR  l>0  transmitting  system  located  in 
BLUB  RIDCiH’s  uhf  radio  compartment  I  would  he  subjected  to  a  "Closed” 
system  test  wherein  the  four  antennas  of  the  antenna  array  would  be  tempo¬ 
rarily  disconnected  and  replaced  by  four  linear  dummy  loads  (LDL's) 
connected  al  the  outputs  of  the  rf  power  divider  which  is  a  part  of  the  system. 
First-phase  results  would  show  the  intrinsic  inlormodulntion-generation 
property  of  the  installed  transmitting  equipments,  in  the  second  phase,  the 
antenna  cables  would  he  reconnected  and  the  IM  measurements  repeated.  If 
the  results  of  the  first  phase  were' sufficiently  low  as  compared  to  the  results 
of  the  second  phase,  the  conclusion  could  be  safely  drawn  that  the  major  IM 
interference  souree(s)  were  beyond  the  power  divider  in  the  direction  of 
transmitter  power  How, 

The  measurement  system  used  for  these  uhf  IM  interference  tests  is 
shown  in  figure  4.1 .  Referring  to  this  block  diagram,  the  procedures  followed 
and  the  results  obtained  for  each  of  the  diagnostic  tests  are  discussed  below. 


TO  SRA-33, 
POINT  3 


TO  POINT  F 
(CALIBRATE 
WITH  TRANSMITTERS 
OFFI 


SIGNAL  GENERATOR 

COUNTER 

HP-60BE 

HP-6245  L 

TO 

POINTS  A -F^J 
AS  REQUIRED" 


LINEAR  DUMMY  LOAD  (LDL) 
260ft  RG  223  CABLE 
(TYPICAL  OF  FOUR  UNITS) 


Figure  4.1 .  BLUE  RIDGE  uhf  1M  Interference  measurement  system. 


4.2.1  TESTA 

Beginning  with  the  initial  first-phase  measurement,  the  LDL  coaxial 
cable  connections  at  points  A,  B,  C,  and  D  and  the  receiver  input  at  point  3 
were  made.  The  measurement  receiver  and  section  3  of  the  SRA-33  were  tuned 
as  a  system  to  the  third-order  intermodulation  product  frequency  2PI-P2 
(348.7MHz),  The  measured  level  of  the  received  1M  product  at  this  frequency 
was  bOdB/gV,  and  was  obtained  when  and  only  when  both  transmitters  were 
keyed.  This  high  level  prompted  a  trial  at  n  much-higher-order  product,  so 
receiver  system  tuning  was  adjusted  to  a  22nd-order  product  1 2F1-I 0F2 
(360.8MHz).  The  measured  level  was  -3dH/gV,  A  third  measurement  at  the 
fifth-order  product  3FI-2K2  (372.1  MHz)  yielded  30dU/gV,  At  this  time,  it 
was  decided  to  investigate  specific  possible  sources  within  the  transmitting  system. 

4.2.2  TI-STB 

One  of  the  I.Dl.'s  was  removed  .com  the  power  divider  output  and 
connected  u>  the  far  end  of  the  RG-331  cable  leading  from  the  multicoupler 
(point  I-).  Repetition  of  the  measurement  at  372.1  Mil/,  produced  the  same 
level,  which  showed  that  the  power  divider  was  not  the  principal  source. 

However,  in  the  process  of  changing  connections,  it  was  noted  that  metal 
filings  were  present  in  the  coaxial  111  ting  on  the  RCi-331.  These  particles 
were  removed,  but  the  properties  of  the  fitting  were  still  suspect.  Accordingly, 
the  connector  was  gently  wobbled  by  hand  while  observing  the  rfi  level.  The 
wobbling  action  produced  large  variations  in  the  observed  level.  This  suggested 
complete  removal  of  the  RG-331  cable  and  its  connectors  from  tbc  system, 
and  the  1.1) L  connection  at P  was  made,  placing  the  LDL  directly  at  the  out¬ 
put  of  the  SRA-33.  Under  these  latter  conditions,  the  level  of  the  same  fifth- 
order  product  dropped  to  approximately  -lOdB/juV.  Accordingly,  a  length  of 
RG-2 1 4  was  substituted  for  the  RG-331.  With  the  LDL  at  the  far  end  of  the 
RF-2 1 4,  the  observed  level  was  -5dB/juV.  Thus,  the  RG-331  cable  assembly 
was  shown  to  be  the  principal  source  of  nonlinear  action. 

At  this  point,  the  measitrenu.nl  receiving  system  was  returned  to  the 
third-order  intermodulation  product  frequency  to  obtain  a  stronger  working 
signal.  At  this  frequency.  348.7MHz.  the  level  with  the  LDL  at  the  far  end 
of  the  RG-2 1 4  cable  (point  L)  was  3dB/pV. 

4.2.3  TEST  r 

The  conditions  of  the  initial  test  were  reestablished  by  connecting  the 
RG-214  to  the  power  divider  and  replacing  the  LDL  at  the  power  divider  out¬ 
put  connector  (point  A).  Under  these  conditions,  the  power  divider  produced 
a  level  of  26dB/pV.  Thus,  the  level  at  348.7MHz  was  reduced  34dB  below  the 
original  level  (when  the  RG-331  cable  assembly  was  used).  However,  the  power 
divider  was  also  shown  to  be  a  lesser  source  of  nonlinear  action,  since  its  inclu¬ 
sion  in  the  system  under  test  caused  a  23dB  increase  in  third-order  product  level. 


4.14  TEST  I) 

Since  nothing  could  he  done  to  modify  the  intrinsic  rfi  generation  of 
the  power  divider,  it  was  decided  to  substitute  the  antennas  for  the  dummy 
loads  in  an  attempt  to  observe  topside-generated  levels.  This  was  done  ill 
step-wise  fashion  by  first  measuring  the  third-order  level  (348.7MHz)  with  one 
antenna  and  three  LDL's,  then  two  antennas  and  two  LDL's,  etc.,  until  all 
four  antennas  were  connected.  With  only  antenna  4-1 A  connected,  the  level 
was  52dB/#iV;  with  antennas  4-1 A  and  4-1 B,  the  level  was  f>XdB/pV:  with 
4-1  A,  4-1 B.  and  4- 1C,  it  was  64dB/juV:  with  all  four  antennas,  the  level  was 
60dB/gV.  However,  these  levels  were  not  believed  due  to  topside  generation. 
Since  the  antenna  cables  were  also  RC*-33 1 ’s.  their  connections  were  suspect, 
(’•rasping  the  four  closely  spaced  cables  witli  the  hand  and  gently  pushing 
back  and  forth  produced  variation  in  intermodtilation  product  level  and 
occasional  bursts  of  broadband  noise.  This  procedure  was  followed  at  several 
IM  product  frequencies:  the  results  are  given  in  table  4. 1 . 


TABl.t:  4.1.  IM  LEVELS  PRODUCED  WHItJi  WOBBLING  R(i-33l 
ANTENNA  CABLES. 


IM  E’nnotion  (Outer) 

Frequency.  MHz 

IM  Level.  dlt/pV 
Min  Max 

34X.7 

60 

SO 

31-1  -21-2(5) 

372. 1 

24 

40 

I2h’2-I0F1(22) 

3  (>0.7 

3 

5 

25l-'2-22r;l(47) 

.W0.0 

-3 

S 

An  inspection  of  the  installed  connectors  and  cables  indicated  the 
most  probable  cause  of  the  interference  generation.  Two  types  of  connectors 
were  found  to  he  used  on  the  RG-331  (I'mdelin)  cable,  one  manufactured  by 
I’lielps-Dodge  and  the  other  by  Prodelin.  Several  of  these  connectors'  locking 
nuts  were  only  lightly  lightened,  and  one  connector  was  free  to  slip  along  the 
outside  ol  the  KG-331  outer  aluminum  conductor.  The  inspection  was  ex¬ 
tended  to  other  uhf  and  vhf  installations  both  in  uhf  radio  compartment  I 
sm»l  in  BLUE  RIDGE's  oilier  equipment  compartments.  Use  of  this  type  of 
hardware  is  standard  throughout  the  ship  in  installations  operating  at  these 
frequencies.  As  a  result,  the  decision  was  made  to  terminate  uhf  rfi  testing 
and  devote  the  remainder  of  the  at-sea  lest  period  to  other  areas  of  interest 
within  the  scope  of  the  overall  task  assignment. 


43  RG-3.H  CONNECTOR  DESIGN  STUDY 

Upon  departing  BLUE  RIDGE,  a  short  sample  of  RG-3.1!  and  one  of 
each  type  connector  were  obtained.  These  were  used,  together  witli  liiann- 
laclurers’  cross-section  drawings  and  specifications,  to  obtain  a  better  under¬ 
standing  of  exactly  how  the  connectors  are  designed  and  how  they  are  supposed 


to  be  installed.  At  the  conclusion  of  this  brief  study,  the  following  technical 
opinions  were  formed: 

a.  In  both  types  of  connector,  the  electrical  connections  depend  on 
mechanical  pressure  instead  of  an  electrical  bond.  Pressure  eonncelionslt'e 
subject  to  nonlinear  contact  resistance  buildup  due  to  vibration  and/or 
chemical  action  over  a  period  of  time. 

b.  In  boll)  types  of  connector,  mechanical  pressure  is  applied  through 
jamming  nuts  which  appear  subject  to  loosening  under  vibration. 

c.  RG-33 1  cable  has  a  specified  minimum  bend  radius  of  5  indies, 
lesser  bend  radii  were  formed  in  some  places  in  the  BLUK  RIDGT!  installation, 
although  accurate  measurements  were  not  made.  Such  bad  practices  should  be 
avoided. 


4.4  I'OVVfclt  imviimr  i.xamination 

One  of  the  PHASOR  l>()  power  divider  assemblies  was  loaned  to  NKI.C 
by  BLUli  R IDG II  for  study,  Upon  close  examination,  it  was  found  that  the 
rf  connectors  on  this  assembly  arc  modified  type  UG-30  D/U’s.  This  type  of 
connector  was  determined  some  time  ago  to  be  a  source  of  inlcruiodulation 
interference.  It  is  a  double-lemalc.  hermetically  sealed  device.  The  hermetic 
seal  is  obtained  by  forming  the  coaxial  center  conductor  of  kovar,  or  a  similar 
alloy,  which  matches  the  thermal  coefficient  of  the  glass  insulating  bead  that 
supports  it.  Unfortunately,  alloys  of  this  type  are  ferromagnetic.  Therefore, 
when  used  in  high-current-density,  multifrequcncy  applications,  such  as  this 
case,  IM  interference  is  generated. 

it  should  he  pointed  out  that  the  power  divider  was  designed  even 
earlier  than  the  discovery  of  the  nonlinear  property  of  the  UG-30  D/U.  Also, 
of  this  .series,  only  the  UG-30/U  is  linear:  all  other  versions  are  nonlinear, 
including  the  latest  modification,  which  is  the  UG-30  1-1/ U.  Attempts  to 
obtain  the  UG-30/ 1 1  from  Navy  supply  have  not  been  successful;  however,  it 
is  available  commercially. 


4.5  DISCUSSION 

It  can  be  expected  that  the  effect  of  (lie  two  types  of  nonlinearities 
found  here  on  the  quality  of  ulif  voice  communications  will  be  quite  variable. 
Reception  of  messages  at  some  frequencies  may  be  blocked  from  time  to  time 
by  Very  strong  low-order  inlermodulation  interference.  A  considerably  larger 
number  of  receive  frequencies  will  coincide  with  high-order  IM  interference 
having  much  lower  amplitude.  The  latter  will  have  the  effect  of  reducing  the 
range  at  which  effective  communications  can  be  maintained  instead  of  the 
blocking  effect  of  the  lower  order.  Hie  interference  situation  will  be  very 
dynamic.  As  the  number  of  channels  being  used  for  transmission  increases. 


the  chance  of  1M  interference  of  order  47  or  less  will  increase  at  a  very  high 
exponential  rate  for  the  remaining  channels  being  used  to  receive.  Another 
source  of  variability  is  ship  vibration.  This  will  vary  the  condition  of  each 
junction-type  nonlinearity,  causing  wide  variation  of  IM  product  amplitudes 
and  intermittent  broadband  noise  bursts,  which  can  occur  with  only  one  trans¬ 
mitter  operating. 

in  a  more  academic  sense,  these  data  are  something  of  a  technical  mile¬ 
stone;  the  measurement  of  the  47lh-order  intcrmodulution  product  is  the 
highest  order  identified  in  a  shipboard  test  to  date.  An  interesting  relationship 
is  that  the  47th-ordcr  level  was  of  the  same  order  of  magnitude  as  the  level  of 
die  22nd.  This  may  imply  that  after  a  certain  order  number  is  exceeded 
say  order  0  choosing  a  somewhat  higher  order  may  not  necessarily  produce 
a  significantly  lower  level  when  a  truly  efficient,  natural  nonlinearity  is  operating 


4.6  CONCLUSIONS  AND  RLCOMMKNDAI  IONS 

a.  High  levels  of  intcrmodulalion  gcnciatinii  within  the  nlil  trans¬ 
mitting  system  were  found  to  mask  topside-generated  levels.  liicrclurc,  any 
effort  to  reduce  rfi  at  uhf  should  first  be  expended  on  the  transmitting  systems 
rather  than  on  topside  areas. 

h.  Two  types  of  interference  generators  were  found  in  the  transmit¬ 
ting  systems.  The  most  important  type  is  nonlinear  junctions  formed  in 
attaching  coaxial  connectors  to  RC5-33 1  cable.  This  type  causes  ( I )  very  high 
levels  of  low-order  intormod illation  products;  (2)  surprisingly  high  IM  orders  of 
much  lower.  Init  still  significant,  amplitude. and  (3)  intermittent  bursts oT 
broadband  noise.  The  second  type  of  generator  is  the  ferromagnetic  center 
pins  of  connectors  used  in  the  PHASOK  °()  power  divider  assembly.  This 
type  is  less  important  because  IM  levels  are  much  lower  and  noise  bursts  are 
not  generated  by  this  mechanism,  it  is  recommended  that  both  types  of  genera¬ 
tors  be  eliminated  from  the  systems,  with  first  priority  being  given  to  the 
RG-33 1  cable  connectors. 


SECTION  5 

LABORATORY  TESTS  OF  UHF  TOPSIDE  IM  INTERFERENCE 
FROM  BLUE  RIDGE  CONNECTORS 

5,1  BACKGROUND 

.Section  4  pi VI*  ivxulls  of  ulif  measurements  aboard  BLUE  RIDGE 
which  isolated  so  lira's  of  nhT  inlcrniodtilul  ion  inicrlcrcncc  in  llic  ship’s  rltf 
Irun.smif  ling  systems.  Tho  sources  were  determined  in  he  rf  connectors  on 
RG-TT1  (l*iudeliiiU'iKixiiile;ihie;inil  llie  will* power  divider  in  PIIASOR  W 
communication  systems.  In  I  his  see!  inn,  the  results  of  I;  ibnralnry  tests  made 
sit  NIT  ('  of  these  two  types  of  interference  sources  sire  given,  together  witli 
reeoinnieinteil  met  hods  tor  correct  ing  the  difficulties. 


5  2  RG-.UI  1 1  lists 

I  wo  dilleteiil  lypc-N  male  connectors  arc  used  to  lerminsite  the 
RU-.U  l/U  coaxial  cables  (Prodelin  catalog  number  54-500.  Spiiofonni)  in  the 
HI. til-  RIDGE  installation.  Most  connectors  arc  Proileliu  catalog  number 
7(>- 5X0(4)  (Spimlok  i.  but  a  lew  arc  PluTps-Dodge  catalo}!  mimber  FX I  2-50 
N'M  t Tapcrloki.  The  Phclps-Dodgc  comteclors  were  found  to  Ik*  loose  ot 
finger-tight  either  because  of  incompatibility  with  I  lie  Pi'odclin  version  oT 
KG-.bl  I  /U  cable  or  incorrect  installation.  The  first  interference  tests  were 
made  on  three  short  lengths  of  Prodelin's  KG-.HI  /U  Icrminaleil  with  the 
•Spirolok  connectors  at  cacti  end. 

One  pair  of  connectors  was  installed  according  to  the  Proiletm  instruc- 
lions.  The  sccoml  connector  pair  was  given  modified  treatment  of  the  coaxial 
cable  inner  conduclot  m>  more  conductor  aaikl  be  inserted  in  the  male  pin 
sleeve;  also,  a  simple  tool  was  made  to  remove  the  pin  front  the  rest  of  the  con¬ 
nector  l  without  destroying  pin  stability  in  the  completed  connector),  t T  he 
tool  used  ansi  procedures  for  its  use  are  described  in  figure  51.)  Cornice  tor¬ 
pid  nullin'  was  then  observable  during  the  process  of  lointng  coax  cable  and 
consici  on .  I  he  thud  connector  set  was  treated  wiih  the  same  modification 
as  the  second  set.  but  cardin'  suit  soldering  of  the  male  pin  and  coax  inner 
conductor  ensured  a  good  electrical  connection.  I  Attempts  at  usiiiL'  room 
temperature  l.eeoboml  57C  solder  were  very  disappointing.) 

T  ests  of  rfi  generation  on  the  first  set  confirmed  the  situation  found 
in  the  uhf  system  aboard  UI.lt'-  RIIXJF.  The  rfi  signal  level  dropped  drastic¬ 
ally  with  the  modified  treatment  oftiie  male  pin  in  the  second  set.  The 
lowest  interference  ievei  of  all  three  tests  came  with  the  soft -soldered  male 
pin  in  the  third  set.  These  measuremeio  results  are  .summarized  in  table  5.1 

Roth  the  Prodelin  and  Phclps-Dodgc  claims  for  simple,  fast  connector 
installation  without  special  lools  are  correct,  hut  they  ignore  the  fact  that 
the  price  for  speed  and  simplicity  is  the  increased  probability  these  connectors 
will  cause  system-generated  rfi  from  intermodiilalion  sources'  built  into  the 
connectors.  Comparison  of  the  male  pin  sleeves  in  the  two  types  of  connectors 
show  that  I’roddin's  design  is  superior  to  Phelps-Dodge.  The  latter  is  vulnerable 
to  splaying  of  the  sleeve  by  the  coax  conductor  during  installation,  resulting 
i p  a  very  poor  piiHo-eoax-inner-eoiiduetor  contact. 


NOTE:  ALL  DIMENSIONS  IN  INCHES  (NOT  TO  SCALE) 


1 .  Prcpaic  Rfl-331  cubic  us  shown  in  A.  (C-cnicr  conductor  is  I  /Sin,  longer  ihun  Prodclin 
specification. j 

2.  Piece  Prodclin  connector  catalog  number  7A-5HfK4)  on  tint  surface  with  male  center  pin 
pointing  up. 

3.  Slip  driver  tool  It.  over  center  pin.  Tap  wiili  hammer,  driving  out  center  pin. 

4.  Place  cnnnectoi  hack  not  and  gripping  sleeve  ovei  outer  cable  conductor. 

5  t'lrinls  hotioui  socket  in  hack  ol  connectoi  center  pm  on  cable  ceiiln  eondm  «ot 
Soil  soldei  in  place. 

CAUTION:  Use  miiiununi  hc.it  and  luiniinuni  soldei  lot  good  joint. 

Oi.  Slip  outer  connector  shell  over  cable  end,  observing  proper  center  pin  fit .  Tighten  assembly. 

iisiv  wri-nciiks. 

NOTIv:  tuber  cable  and  eoimeelor  sloes  arc  expected  to  require  different 
dimensions.  Adjust  to  suit. 


l-'igurc  5.1 .  Tool  and  procedures  lot  modification  of  Prodclin  connectoi  mslullutiotv. 


TAUI.I-:  5.1.  SUMMARY  Ol-  LABORATORY  Tl-.STS  Ol-  RU-331/U 
(ONNICTORS  AND  PIIASOR  «.»(}  I'OWI-R  DIVIDJ-R 
J  ASSOURCI  SOI  SYSTI  M-Ol.NliRATI-.l)  R|  I. 

UI1I  powet  muii cos-  II  I)  t  and  I-I5I/URI  natiM-uttejs 

All  dunlins  lo.uls  hi  cli-cd-loop  setup  aie  lineal  length,  ol  |{t;.S,vl  i  .oast 

liollt  Ii.iiimiiIMci.s  ami  loceiscis  lillcied .  I- 1  -  243MII/,  I  3  .'m-MII/ 

IM  test  lieipteiics .  21-2-1  I  2(.’'MII. 


lest 

IM  level.  ilHin 

lest  setup  icstdtial  IM  level 

-120 

Check  out  with  single  UU-dOD/U 

-on 

Stamlaid  I’hhIcIiii  connectoi-, 

-50 

Modilicii  comicclois,  no  soldei 

-100 

Modilied  connectoi s.  soldc-ci! 

-120 

Unmodified  PIIASOR  00  jrowot  divtdei 

-III 

CotmectoiMeplaci-d  with  lKi-.U)/U\ 

-47 

IU ;..)()/[  i\  with  steel  tockwasheis  removed 

-107 

5.3  POWKR  DIVIDER  TESTS 

Thu  oilier  source  nf  uhf-system  rl’i  reported  was  the  PHASOR  90  Four* 
way  power  divider.  It  was  also  investigated  under  the  same  controlled  test 
conditions  applied  to  the  RG-33I/U  connectors.  As  pointed  out  In  section  4. 
this  power  divider  is  constructed  with  five  slightly  modified  UG-30D/U,  double 
female,  lype-N  panel  connectors.  Tills  type  of  hermetically  sealed  connector, 
along  with  other  hermetic  connectors  for  other  coax  cable  sizes,  has  a  long 
history  of  being  a  consistent  source  of  system-generated  inlermodulation 
interference  due  to  the  nonlinearity  of  the  ferromagnetic  pin  which  runs 
through  the  glass  seal.  The  Navy  supply  system  could  not  provide  UG-30/U 
connectors  (note  the  absence  of  any  letter  following  the  mini  her  30)  which 
arc  known  lo  he  linear  because  they  arc  not  hermetically  scaled.  I'orttinaicly. 
they  were  available  from  a  local  commercial  distributor.  The  original,  modi¬ 
fied  U(i-3(J|)/U\  were  replaced  carefully  witli  similaily  modified  llG-30/U\. 

Rl'l  tests  before  and  alter  replacement  proved  that  inlermodulation 
signal  power  with  the  new  connectors  dropped  In  '(!'!  of  the  original  level. 
However,  the  mlcilciciicc  was  still  unacceptably  high.  Only  when  the  Inc 
sled  loekwnshcTs  were  removed  from  the  new  connectors  did  the  rfi  drop  to 
near  the  lest  setup  residual  level;  these  washers  were  the  same  ones  used  with 
the  original  UG-3(Jl)/U  connectors.  Therefore,  although  the  UG-30D/U  was 
proved  once  again  to  he  a  potent  source  of  system  generated  rfi,  the  unexpected 
"loekwasher  effect”  is  an  excellent  example  of  an  obscure  rfi  source.  The 
approximate  interference  power  level  relationship  of  the  two  sources  is  that  the 
U(i-30IVU's  contribution  is  four  times  greater  than  that  from  the  lock  washers. 
Both  levels  are  very  significant.  Again,  measured  levels  are  summarized  in 
table  5.1, 

Plans  were  made  lo  solve  the  PIIASOR  90  power  divider  problem 
without  modification  by  permanently  magnetizing  the  ferromagnetic  pin  in 
each  of  the  five  IK J-30O/U  connectors.  This  approach  is  based  on  previous 
experiments  where  application  of  a  strong  magnetic  field  to  the  pin  completely 
removed  the  nonlinear  characlerRlicand  thus  the  source  ot  intermodulation. 
The  strong  magnetic  bias  made  the  lerromagiietie  conductor  linear  as  long  as 
the  field  was  present.  Continued  applications  of  the  field  built  up  a  cumula¬ 
tive  effect  where  the  residual  magnetism  retained  in  the  pin  lowered  appreciably 
the  level  of  IM  signal  generated  with  the  magnetic  field  removed.  It  was  hoped 
that  the  pins  could  he  magnetized  enough  to  remove  the  nonlinearity  perma¬ 
nently.  The  technique  is  feasible,  but  it  was  impossible  within  the  available 
lime  frame  to  devise  a  source  of  strong  magnetism  tailored  to  the  needs  of 
the  UG-3UD/U  connectors.  Obviously,  the  ferromagnetic  pin  must  Iv  parallel 
to  the  magnetic  lines  of  force;  the  distance  between  pole  laces  ot  a  magnetron 
magnet  was  loo  narrow  It)  ue commodate  the  length  ot  the  connector.  However, 
such  a  simple  latent  solution  to  the  power  divider  problem  justifies  additional 
consideration  of  the  permanent  magnetic  pin  concept. 


5.4  SUMMARY  AND  RECOMMENDATIONS 

In  summary,  it  whs  round  that  interference  generated  in  the  Prodelin 
connectors  and  the  power  dividers  could  he  very  substantially  reduced.  The 
following  recommendations  result: 

!,‘  ,)o  m>t  usu  I’helps-Dodge  catalog  number  l-Xl  2-50  NM  (Taporlok) 

connectors  with  RG-.WI  coaxial  cable  (I’rodclin  catalog  number  54-500, 

Spiro  foam). 

b.  Install  I'rodclin  catalog  number  7b-58(K4)  connectors  on  R(i«.?.Al 

cable  in  accordance  with  the  modified  procedures  given  in  figure  5.1. 

e.  Remove  UG-.U)I)/IJ  connectors  and  internal  steel  lock  washers 
Horn  PIIASOR  «)()  power  dividers.  Substitute  UG-50/U  connectors;  do  not 
use  UG-JU)  series  models  A  liimugh  !•..  tiG-dO/lfs  ate  not  available  from  Navy 
slock.  Inn  can  be  purchased  commercially. 


SECTION  6 


IWO  JIMA  TOPSIDE  IM  INTERFERENCE  SURVEY 


6.1  BACKGROUND  AND  OBJECTIVES 

Studios  of  topside  intermodulation  interference  aboard  l/S.S  IWO  JIMA 
I inve  boon  previously  performed  hy  Nlild'.^  This  experience  showed  clearly 
Iluil  u  severe  topside  IM  interference  problem  exuded  aboard  the  ship,  f'ottsc- 
r|uenlly.  the  formal  task  assignment  under  which  the  work  reported  here  was 
performed  called  for  locating  the  principal  sources  of  interference  and  provid¬ 
ing  design  guidance  for  their  removal.  This  guidance  would  lie  extended  to 
all  ships  of  the  I  I’ll  class.  More  specifically,  the  project  order  (I’.O.  I-I02O) 
specified  lour  tasks  to  be  performed  relative  hi  lite  IWO  JIMA: 

a.  Make  measurements  and  determine  hf.  vhf.  and  uhf  IM  levels. 

h.  Deleimine  the  conlrihiilion  of  the  hi  antenna N  mechannai 
design  to  the  mlcrleience  problem  reported  by  IWO  JIMA  by  making  diagnostic 
changes  and  tests  of  topside  antenna  and  rigging. 

c.  Determine  if  the  interference  problem  i:.  a  general  class  problem. 

d.  Provide  design  guidance  to  rectify  the  interference  conditions. 

The  overall  topside  IM  interference  generation  characteristic  of  the  IWO  JlivlA 
was  not  to  lie  measured.  Results  of  such  measurements  are  useful  only  lu 
the  extent  that  rigorous  documentation  of  the  severity  of  topside-genera  led 
interference  is  needed. 


6,2  APPROACH 

To  arrive  at  the  goal  of  reducing  topside  interference,  it  was  necessary 
to  make  inlermodiilation  meastin  incuts  in  the  fr-qiiency  bands  specified  in 
the  task  assignment.  These  measurements  were  directed  at  either  sectional i/.ing 
areas  of  the  ship  or  evaluating  specific  potential  topside  interference  contribu¬ 
tors  (probing).  The  results  form  die  basis  for  the  design  guidance  needed. 

Determination  of  whcihci  interference  problems  similar  to  those 
aboard  IWO  JIMA  could  be  expected  aboard  ships  of  the  same  class  did  not 
require  repetition  of  the  measurement  program  aboard  an  additional  ship. 
.Sufficient  data  were  obtained  aboard  USS  TRIPOLI  (I.PII  I ()P  before  the 
recent  modernization  oi  her  communications  suit  to  confirm  similarity  of 
interference  conditions. 

In  addition  to  the  quantitative  testing,  other  broadband  transmitting 
antennas  aboard  IWO  JiMA  were  visually  inspected.  The  results  of  these 
inspections  are  also  reported. 

^Naval  Electronics  lahiiraloiy  Center  COlX'I’IDl-.NTlAl.  tellur  Serial  2100-021  f»  in 
COMPIIIBPAC.  subject:  Ratlin  Frequency  Interference  (RFIJun  USS  IWO  JIMA  (I.PII  2), 
Scpienilii'i  !<)?() 

SNI-LC  rONFIDlim  IAI.  tetter  Send  2100-044  m  NAV, SINKS  and  NAVSIif,  subject: 
Fleet  Support  Task,  USS  TRIPOLI  (I.PII  ItlJ  HF  Commtmicut  'mm ,  ?  April  1 070 


6.3  TEST  SITE  CONDITIONS 

The  ambient  conditions  which  had  the  most  effect  on  the  interference 
survey  were  (a)  the  ship’s  mooring,  (h)  ambient  electromagnetic  noise,  and 
(c)  the  weather. 

The  ship  was  moored  on  the  north  side  of  pier  8.  U.S.  Naval  Station, 
San  Diego,  in  the  berth  farthest  from  shore.  Across  the  pier,  to  starboard,  a 
destroyer-type  vessel  was  moored.  Since  the  distance  between  the  ships  was 
only  about  1 00  feet,  some  contamination  of  overall  received  levels  due  to  the 
presence  of  the  other  ship  was  probable.  On  the  other  hand,  clearance  to  port 
was  good,  there  being  more  than  100  yards  of  open  water. 

Ambient  electromagnetic  noise  generated  by  industrial  activity  in  the 
Naval  Station  had  to  be  avoided.  The  intent  was  to  use  the  weakest  signals 
possible;  high  industrial  noise  would  degrade  reception  of  weak  signals.  East 
experience  in  making  measurements  in  this  locality  had  shown  sharp  daily 
reductions  in  ambient  noise  beginning  at  about  I  (i()0  hours  local  time  and 
extending  through  the  weekends,  topside  tests  were,  therefore,  made  during 
these  periods ot  minimum  industn.il  noise. 

XVel  weather  has  been  observed  to  temporarily  tedtiee  lopside-geiieraled 
inlermodiilatlon  levels  on  many  occasions.  Apparently,  the  residue  of  sea 
salt  being  dissolved  in  t  he  rainwater  in  many  topside  junctions  serves  to  effec¬ 
tively  reduce  nonlinear  action.  During  the  first  two  days  of  the  IWO  JIM  A 
tests,  there  was  a  series  of  heavy  rain  showers  which  kept  the  ship  wet.  Thus, 
the  interference  observed  during  this  period  was  due  to  the  most  easily  excited 
nonlinearities  that  were  also  least  affected  by  the  wet  weather.  Consequently, 
interference  generation  by  ferromagnetic  materials  in  high  current  portions 
of  transmitting  systems  would  tend  to  become  the  dominant  factor.  Later  m 
the  test  period,  the  ship  dried  out  and  1M  signals  became  higher  in  amplitude 
and  produced  the  more  typical  “haslty”  receive  audio  output. 


6.4  SECTIONALIZING  TESTS 


0.4.1  MEASUREMENT  TECHNIOUE 

The  technique  used  in  the  sectional  i/ing  tests  aboard  IWO  JIM  A  was 
derived  from  a  method  proposed  in  reference  I .  That  paper  dealt  with 
several  aspects  of  high-order  intcrmodulation  interference  which  hail  been 
shown  (in  reference  4)  to  exist  aboard  IWO  JIM  A.  The  method  proposed  in 
reference  I  is  for  determining  the  most  significant  topside  IM  interference 
contributors  aboard  a  ship.  It  is  based  on  the  fact  that,  when  the  power  of 
the  transmitter  fundamental  frequencies  applied  to  a  nonlinear  circuit  element 
is  changed  by  a  given  amount,  the  amplitude  of  the  high-order  products  is 
changed  by  a  greater  amount  than  the  amplitude  of  the  low-order  products. 
The  proposed  lest  method  contemplates  exciting  the  topside  surfaces  of  a 
ship  with  two  transmissions  of  just  enough  power  to  make  a  high-order  IM 
product  barely  detectable  on  the  ship’s  receiving  antennas.  With  this  situation 
established,  previously  developed  topside  nonlinearity  location  techniques 
would  be  used  to  find  a  source  of  interference  energy  topside.  Temporarily 
interrupting  the  action  of  the  located  nonlinearity,  thereby  reducing  the  level 
of  interference  ai  the  receiving  antenna  to  a  point  below  the  level  of  detecta¬ 
bility.  would  confirm  the  located  nonlinearity  as  the  “worst”  source. 


Successive  applications  or  the  technique,  using  higher  and  higher  transmitter 
powers,  would  establish  an  ordered  list  of  topside  sources,  It  should  be  noted 


ft. 4.: 


I ’radical  application  of  the  proposed  technique  imposed  some  modi¬ 
fications.  i  ’or  example,  the  choice  of  transmitting  antenna  location  was  of 
importance  .since  this  factor  would  influence  fundamental  frequency  current 
distribution  over  the  topside  surfaces.  Therefore,  Iwo  widely  different  trans¬ 
mitting  antenna  combinations  were  selected.  One  combination  consisted  of 
l ho  deck  edge  whips,  antennas  3-1)  and  4-2  in  figure  6.1 ,  The  other  combina¬ 
tion  consisted  of  radiating  the  same  two  signals  from  antenna  2-5  mounted 
atop  the  island  superstructure.  Antenna  2-5  is  the  one  referred  to  in  part  b 
of  the  task  assignment  (section  ft,  1 1.  Since  it  was  desired  that  the  only  change 
between  the  two  cases  would  be  the  change  in  antenna  geometry',  the  trans¬ 
mitting  equipments  were  arranged  as  shown  in  figures  6.2  and  6.3.  Using 
these  (wo  transmitting  system  arrangements,  in  turn,  intermodulation  products 
were  received  using  the  ship’s  2-3<)Mllz  receiving  antennas  and  the  equipment 
shown  in  figure  6.4.  The  transmitting  antenna  arrangement  which  yielded  the 


sidcrcd  to  be  the  most  important  in  the  overall  interference  situation. 

This  arrangement  turned  out  to  be  that  of  the  island  antenna.  Antenna 
2-5  was.  therefore,  the  antenna  used  during  the  probing  tests  of  specific  poten¬ 
tial  topside  contributors.  Ollier  seel ionalizing  tests  were  also  conducted  to 
divide  the  interference  problem  hy  frequency  band  and  receiving  location. 

The  sequence  of  these  tests  is  described  next. 


TKST  A  DI-CK  l-IX'.l:  TRANSMITTING  ANTI.NNA  I  I  S  I  S.  As 
indicated  in  figure  6.2.  Nlil.C  antenna  matching  networks  were  necessary  to 
assure  that  the  deck  edge  transmitting  system  was  not  radiating  inlermodula- 
tion  frcqucncic-sat  sufficiently  high  levels  to  degrade  accurate  measurement 
of  topside-generated  interference.  The  NliLC  networks  have  no  sliding  or 
rolling  comaets.  and  are  fabricated  of  nonferromagnetie  materials.  Unfor¬ 
tunately.  the  two  SKA-22  units  are  not  so  fabricated.  This  type  of  standard 
Navy  whip  antenna  tuner  has  been  shown  to  he  a  strong  generator  of  inter¬ 
ference  in  closed-system  laboratory  tests. (l  On  the  other  hand,  the  NTLC 
networks  are  like  the  SKA-22  in  that  neither  type  supplies  sufficient  filtering 
to  assure  that  interaction  between  the  two  transmitters  would  not  occur. 
This  interaction  could  supply  sufficient  IM  interference  energy  to  reduce 
accuracy  in  measuring  topside  levels.  Thus,  the  additional  filtering  shown  in 
figure  6.2  was  necessary. 


*’HT  Research  Institute,  Gmtiact  Nr.,  NOOI  23-()<)-C-(>584,  .X7(«/i>  nj' Nonlinear  Properties 
nf  the  ANJSRA-22  Antenna  Coupler,  I'inal  Report. 


Figure  6.2.  IWO  JIM  A  rfi  test  transmitters  radiating  from  deck  edge  whips. 


Figure  6.3.  IWO  JIMA  rfi  test  transmitters  radiating  from  Island  antenna. 
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Figure  6.4.  IWO  JIMA  2.30MHz  rfi  test  receiving  equipment. 


Advantage  was  taken  of  wet  weather  suppressing  topside  intermodular 
lion.  Measurements  made  under  these  conditions  are  much  more  indicative 
of  IM  generation  in  transmitting  systems.  A  set  of  IM  interference  data  was 
obtained  with  connections  “A"  of  figure  6.2.  Then,  the  connections  “B" 
were  made,  both  SRA-22's  were  adjusted  in  accordance  with  standard  proce¬ 
dure,  and  a  second  set  of  data  was  recorded.  Since  these  were  the  only 
changes,  the  differences  can  he  attributed  to  use  of  the  SRA-22V  The  results 
arc  summarized  in  table  6.1 . 


TABI.H  6.1.  IWO  JIMA  RIXKIVI-D  III-  TOPSIDli  IM  LUVKLS  WHKN  RADIATING  l-’ROM 
DIX'K  ItiXili  WHIPS  (OCTOBHR  1^71 ). 


IR-WSMIillNO  SYS  I  I'M 

I  I  - (iH7kll/ ;ii  lOUW  antenna  3-0 
F2  -=  8.805kl  lx  at  I OOW  antenna  4-2 

Ri:tiitvi;i>  ijivixs 


'  IM 

IM  level  (Average  per  Antenna).  dii/gV 

IM  level 

(Overall  Average). 
ilB/pV 

A  B  Notes 

IM 

Order 

IM 

Function 

Frequency. 

kHz 

Am  1-2 

A  B 

Ant  1-3 

A  1) 

Ant  1-4 

A  B 

Ant  1-5 

A  B 

Ant  1-6 
A  1) 

3 

2FI-F2 

3660 

45  50 

38  38 

40  51 

40  45 

40  44 

44  47 

5 

3F2-2FI 

13041 

32  28 

22  25 

22  20 

16  10 

21  35 

23  27 

7 

4F2-3FI 

16500 

(4)  0 

(-4)  8 

7 

8 

(7)17 

10  1 

0 

7FI-2F2 

26040 

(-13)  (-1 1 ) 

(-10)  -7 

14 

(-15)  (-16) 

-6 

-0  2 

13  j 

7F2-r.FI 

24213 

MO)  (-8) 

(-10) 

(-14) 

(-15) (-15) 

-3 

14  | 

(.F2-8FI  , 

2034 

(8) 

1 

Levels  A:  Nlil.C  antenna  matching  networks  used  (ref.  lig.  6,2). 
levels  ti.  .SKA-22  amenna  tuners  used  (ref.  fig.  ft.2). 

Note  I :  Levels  in  parentheses  are  antbietii  ORM;  IM  not  detected. 
Note  2:  Levels  in  parentheses  are  ambient  noise:  IM  not  detected. 


THST  B  ISLAND  TRANSMITTING  ANTKNNA  TliSTS.  To  avoid 
the  possibility  of  weather  conditions  changing  and  thereby  affecting  the  com¬ 
parison  of  data  taken  with  the  two  different  transmitting  antenna  arrangements, 
data  were  recorded  using  the  island  antenna  as  soon  as  possible  after  completing 
the  deck  edge  tests.  However,  it  was  not  practical  to  substitute  an  antenna 
matching  network  known  to  be  free  of  nonlinear  materials  and  construction, 
as  indicated  in  figure  6.3,  Thus,  the  data  obtained  using  antenna  2-3,  which 
arc  summarized  in  table  6,2.  must  be  considered  to  include  intermodulation 
energy  contributions  by  the  matching  network. 


TABLE  6.2.  IWO  JIMA  RECEIVED  HF  TOPSIDE  IM  LHVHLS 
WHEN  RADIATING  FROM  ISIANI)  ANTFNNA 
(OCTOBER  l‘)7|). 


TRANSMUTING  SYSTEM 

FI  =6237kllz;  F2=8805kllz:  I00W  ew  each  Input  In  cable  leading  In  antenna  2-5 
with  llllering  as  in  figure  6.3. 

RlXTUVI-D  1.1-VI-l.S 


IM  level 

IM 

IM 

(Aver 

jcjrcr 

Aiiteiiini), 

dli/gV 

IM  level 

IM 

Function 

Ficqucucy, 

Am 

Am 

Am 

Ant 

Ant 

(Overall  Average). 

Older 

MFI+NF2 

kll/ 

1-2 

1-3 

1-4 

1-5 

1-6 

dll/juV 

5 

3F2-2FI 

1 8»4 1 

to 

<7 

44 

37 

46 

.to 

7 

41  2-81  i 

l'.5l)') 

.17 

.>.A 

37 

35 

k 

II 

6F2-5I-I 

21645 

IK 

15 

10 

25 

16 

18 

T'J  t>FI 

24218 

0 

-1 

0 

10 

1 

17* 

8F2-OFI 

14807 

37 

27 

24 

27 

27 

!«)*«■ 

I8F 1-61-2 

28251 

in-** 

1 « 1  * 

I0I;2-,)|-T 

81017 

-<) 

-8 

-12 

-II 

-2 

-7 

‘Levels  are  nnl  due  solely  lo  IM  product.  Minlnnnn  of  three  Iransiuilicrs  involved. 
Antenna  I  -4  had  TTY  sound,  all  others  had  distorted  commercial  broadcast  audio. 
“Level  given  is  ambient  noise.  However,  IM  could  be  heard  using  UFO.  although 
metei  reading  did  not  increase  when  transmitters  were  keyed. 

•“Reception  at  this  frequency  requited  use  of  NF.LC  30-7  6M  llz  bandpass  filter  in 

lieu  omilering  shown  in  figure  6,4.  IM  rose  approximately  5dB  above  ambient  noise 
when  transmitters  were  keyed. 

Note:  All  levels  recorded  were  very  steady.  Heavy  rain  showers  occurred  during  test. 


TESTS  ('  AND  I)  VI  IF  TESTS.  Two  Munitions  were  used  lo  produce 
measurable  imcrimxlulalion  inlcrferenee  til  vlif.  First,  interference  was 
observed  using  the  receiving  system  shown  in  figure  6.5  while  transmitting  at 
hf  from  antenna  2-5  as  before.  The  resulting  data  are  given  in  table  6.5. 
Second,  two  vhf  transmitters  were  used,  as  shown  in  table  6.4  along  with  the 
resulting  data. 


Figure  6.5.  IWO  JIMA  vhf  rfi  test  receiving  equipment. 


1 


TABU-,  ft  ,T  IWO  JIMA  RECEIVED  VHP  TOPSIDE  !M  LEVELS 

WHEN  RADIATING  AT  HP  PROM  ISLAND  ANTENNA 
(OCTOBER  l‘>7l ). 


iANSMITTING  SYSTEM 

l;l*62.(7klU:  r2=R805kl I/;  I00W  ew  cadi,  radiated  Ihim antenna  2-5  with  niioriuj 
as  In  figure 

•n-ivi-n  levels 

IM  D'vcl 

IM  |M  (Avoiago  per  Anicniia),  dlt/fiV  IM  level 

VI  i-uticiinii  liec|neney,  Ant  Anl  Am  Am  Ant  (Overall  Average), 

5.4  5.5  54,  5.7  5-S 


:S 

n 


TABLE  6,4  (Continued) 


RECEIVED  LEVELS 


IM 

Order 

IM 

Fund  Inn 
ME1+NK4 

IM 

Frequency, 

Mil/. 

IM  Level 

(Average  pet  Antenna).  dB/pV 

IM  Level 

(Overall  Average), 
dB/gV 

Aul 
,  5-4 

Ant 

5-6 

Am 

5-7 

Ant 

5-8 

3 

2F1-F4 

29.75* 

41 

40 

20 

12 

28* 

3 

•K1+2F4 

41 .75 

24 

44 

22 

15 

11 

5 

1F1-2F4 

25.75 

9 

II 

12 

25 

14 

5 

•2F1+3F4 

45.75 

5 

24 

19 

20 

17 

7 

•1F1+4F4 

49.75 

1 

14 

1 

o 

7 

.19 

2IF1-I8E4 

2‘).25 

»* 

+* 

♦* 

** 

*Wlic»  receiving ai  (Ins  I'rcqiicncy .  keying  tiansmillei  50  only  caused  clear  reception  <>l 
"lock  ’  musical  an  aveiage  level  of  l(«IH//iV.  Keying  iransmtner  5-5  only  caused  clear 
reception  of  a  soap  commercial  at  an  average  level  of  IOdB/juV.  Keying  both  together 
gave  average  cw  levels  indicated,  except  on  antenna  5-R,  where  a  garbled  mixture  of  the 
two  sounds  could  he  heard.  Audio  level  was  much  weaker  with  both  transmitters  keyed 
while  receiving  on  antenna  5-8;  not  audible  on  other  antennas. 

**IM  was  detectable  in  earphones,  hut  too  weak  to  measure  witli  meter. 

NOTE:  Receiving  system  as  in  figure  6.5. 


TESTS  E  AND  F  -  UHF  TESTS.  Two  situations  were  used  to  measure 
intermodulation  interference  at  uhf  also.  First,  two  uhf  transmitters  and  a  sen¬ 
sitive  receiving  system  were  multieoupled  to  the  same  load(s).  as  shown  in  figure  fi.fi. 
Tire  measurement  results  are  given  in  table  6.5.  The  second  situation  combined 
one  uhf  transmitter  with  an  hf  transmitter.  The  uhf  transmitter  was  at  256MHz 
(Ffi).  85  watts.  The  hf  transmitter  was  at  8805kHz  <F2).  400  watts  ew  radiating 
from  antenna  2-5,  and  connected  as  shown  in  figure  A  J.  The  receiver  was  the 
same  as  shown  in  figure  fi.fi.  These  IM  interference  measurement  results  are 
given  in  table  fi.fi. 

TABLE  fi.5.  !WO  JIMA  TOPSIDE  IM  LEVELS  WHEN  TRANS¬ 
MITTING  AND  RECEIVING  AT  UHF  ON  THE 
SAME  ANTENNA  fOCTOBER  1971). 


IM 

Order 

IM 

Function 

MF5+NF6 

IM 

Frequency. 

Mil/. 

IM  Level 

(Average).  dlf/pV 

Dummy 

Ant  6-1 

Ant  6-6 

1 

2F6-F5 

269 

71 

- 

10 

5 

1F6-2F5 

282 

45 

- 

7 

4F6-1F5 

295 

42 

') 

5F6-4F5 

108 

21 

1 1 

6F6-5F5 

12 1 

21 

. ! 

11 

7F6-6F5 

134 

20 

43* 

♦Reading  taken  as  sample  comparison.  Lack  of  time  did  not  permit  further  measurements. 
NOTE:  Equipment  connected  as  in  figure  6.6. 


TABLK  IWO  JIMA  RITlllVBI)  UHF  TOFSIDF,  IM  LEVELS 
WHEN  TRANSMITTING  AT  IIP  AND  UHF 
(OCTOBER  1 7 1 ), 

TRANSMITTING  SYSTEM 

5  J5,W  CW>  Wlth  ,illuri"ti  as  ln  nPre  ft  j.  rail  la  led  from  amentia  2-5. 

1-6.  .56MHz,  S5W  w,  radiated  from  antenna  6-1  as  in  figure  6,6. 
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III- 1-2 
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Alin  shaking  am  2-5.  this  average  level  obtained 
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l"0  JIMA  uhf  IM  interference  measuremeni 


6.4.3  DISCUSSION 


TI-.ST  A  TRANSMITTINO  WITH  DI-CK  I'lXil-  ANTI-NNAS.  As 
shown  in  to  bio  6.1.  the  highest  order  inleriuodulation  pi  ■  nine  I  delectable  when 
using  the  NliLC  matching  networks  (eon  Meet  ions  “A")  was  order  5,  When  the 
SKA-22  was  used,  (he  highest  delectable  order  was  l>.  Thus,  the  order  and 
amplitudes  of  the  several  orders  were  both  Increased.  Clea;ly.  the  SKA-22 
deleleriously  affected  the  overall  IM  interference  levels.  The  shipboard  cheek 
of  the  SKA -22  was  prompted  by  closed-system  tests  of  this  type  whip  antenna 
coupler  in  the  laboratory.  Spot  checks  of  the  TN-342aml  I  IK  A-  -K  ei|iiipmcnts 
indicate  that  these  other  types  would  yield  roughly  similar  effects  when  tested 
aboard  ship  in  a  like  maimer.  Thus,  elimination  of  IM  interfere  ice  generation 
in  shipboard  whip  antenna  tuners  is  not  likely  to  he  a  simple  matter  of  subsli- 
lulinp  one  coupler  type  for  another. 


I  I  S  I  li  I  KANSMI I  I  INK.  .VI  I  II  ISLAND  \N  I  l-.NNA.  Comparing 
the  results  of  table  6.2  with  those  of  table  6. 1 ,  ii  is  seen  that,  when  the  same 
intermodulation  products  were  measured,  even  higher  levels  were  obtained 
than  when  the  SKA-22  was  used  with  the  deck  edge  antennas.  Also,  the  island 
antenna  yielded  detectable  levels  at  the  l‘>ih  outer  as  opposed  to  a  maximum 
of  ninth  order  for  the  deck  edge  antennas  with  the  SKA-22.  Therefore,  the 
island  antenna  (2-5)  is  the  most  important  in  the  overall  topside-interference 
situation  aboard  IWO  JIM  A. 

However,  there  is  more  information  in  the  data  than  jus!  the  loregoing 
conclusion.  Consider  the  levels  obtained  when  the  17th  order  was  measured. 

They  are  higher  than  (lie  levels  at  both  order  13  and  order  I'L  Also,  since  both 
transmitters  were  ew.  an  intermodulation  product  of  the  two  transmitted  funda¬ 
mentals  should  act  very  much  like  a  ew  signal  in  the  lest  receiver.  A  distinct 
single  tone  should  appear  and  disappear  as  the  receiver  BI-’O  is  switched  on  and 
off.  However,  other  sounds  were  hear.1  whether  nr  not  the  HI-0  was  used.  I  he 
unexpectedly  high  measured  level  anil  the  unexpected  audio  associated  with 
the  IM  product  serve  to  show  tli.il  the  observed  signal  is  not  due  to  mlerniodu- 
lation  between  the  two  lest  emissions  alone.  I  his  violates  the  basic  premise  ol 
the  experiment,  and.  therefore,  these  1 7th-onler  data  may  not  he  treated  in  a 
manner  like  the  other  data.  Addition  of  the  third  (at  least)  transmitter  signal 
in  the  intermodiilalion  situation  ereatexa  high  risk  that  some  low-order  IM 
product  between  the  three  emissions  can  lie  within  the  measurement  iccciver 
bandwidth.  This  could  explain  both  the  audit  and  the  high  measured  level  at 
this  frequency.  On  the  other  hand,  the  extraneous  transmission  was  undoubtedly 
being  radiated  from  a  point  some  distance  from  the  ship,  lienee,  the  field 
strength  at  the  ship  would  he  quite  small  as  compared  to  the  own-ship  test 
transmitter  emissions.  Low  field  strength  implies  that  the  nonlinear  elements 
topside  responsible  for  the  received  IM  level  were  closely  associated  with  an 
efficient  antenna.  Candidates  would  be  transmit  ting  anlenn.i  2-5  and  the 
receiving  antennas. 


TEST  C  -  RECEIVING  VHF  IM  WITH  HF  TRANSMISSIONS,  At  a 


Iransmitlingnnlcnnn  (2*5)  ul  .lie  07  level  on  (lie  island,  while  the  lif  receiving 
aniennasare  mounted  around  the  edge  of  the  flight  deck,  forward.  'Ilierefore, 
the  vhf  antennas  arc  in  much  stronger  transmit  ler  fundamental  frequency  fields, 
which  would  tend  to  indicate  that  even  higher  orders  than  the  Will  sliould  he 
delcetahle.  Also,  there  are  some  peculiarities  in  tnc  measured  'implitudes. 

Consider  the  amplitudes  obtained  when  measuring  progressively  higher  inler- 
lliodulnlion  orders,  levels  from  the  I  Of  h  timnigli  the  I  Xth  are  essentially  con¬ 
stant:  this  .should  not  he  so.  Levels  should  decrease  as  the  order  increases. 

The  foregoing  anomalies  can  he  explained  by  carefully  considering  the 
frequency  characteristics  of  the  intermodulalion  spectrum  generated  between 
die  two  particular  •rnitsinilli  r  fundamental  frequencies  in  use  during  these  tests 
and  the  selectivity  of  the  URM-47  field  intensity  meter  which  was  used  to 
receive  components  of  that  .spectrum.  Mathematical  analysis  shows  that  all  (he 
IM  product  livqticncics  which  can  he  obtained  between  the  two  tiansillllter 
fundamentals  6U7kllz  and  X8U5kllz  occur  at  ,1  kHz  intervals  across  (lie  electro¬ 
magnetic  spectrum.  (Since  (Ids  document  is  concerned  with  a  specific  application, 
only  the  results  of  (ho  analysis  will  he  given;  proof  of  tin*  analytic  method  will 
be  deferred  to  a  later  report.)  Fortunately,  the  .iUlz  spacing  does  not  mean  that 
every  such  frequency  wiil  be  of  sufficient  amplitude  to  be  detected.  It  does 
mean,  however,  that,  when  measuring  levels  of  higher  order  IM  products  using 
the  URM-47, great  care  must  be  used. 

It  must  be  assured  that  the  order  of  the  intermodulalion  product  fre¬ 
quency  the  URM-47  is  intended  to  measure  is  in  fact  the  lowest  order  IM  product 
having  its  Ircqucncy  within  the  receiver  bandwidth.  Since  the  URM-47  has  a 
l.tOkll/.  bandwidth,  it  can  theoretically  accept  4.5  IM  product  frequencies  tin 
this  case)  at  a  time  This  means  there  must  he  an  upper  limit  o!  IM  order  which 
can  accurately  he  measured  with  this  receiver  Further  analysis  shows  that  this 
limit  is  at  order  'X.  for  these  particular  transmitter  fundamentals  and  fo.  the 
receiving  band  .W-^ftMII/,  It  is  for  Ibis  reason  that  the  data  nl  table  ft J  are 
truncated  fit  order  IX,  Note  that  this  does  mil  necessarily  mean  mat  all  orders 
higher  than  IX  are  undetectable. 

Indeed,  it  can  Iv  reasonably  hypothesized,  on  the  basis  of  the  measured 
data,  that  orders  higher  Ilian  I X  are  detectable.  If.  say.  1 0  of  the  frequencies 
lying  in  the  receiver  bandwidth  are  detectable,  the  URM-47  will  respond  to  them 
all  very  much  as  it  would  to  while  noise,  'Unit  is.  the  indicated  level  would  be 
proportional  to  the  total  power  in  all  the  It)  interinodulatioii  products.  So 
long  as  the  frequencies  of  the  lower  order  products  are  avoided,  no  single  IM 
frequency  will  have  a  large  amount  of  power  when  compared  to  tile  total  of 
all  the  power  of  other  IM  frequencies  in  the  receiver  bandwidth.  Thus,  only 
relatively  small  changes  in  the  indicated  level  would  occur  as  the  center  frequency 
of  the  receiver  was  shifted  about. 


TEST  D  -  RECEIVING  VHP  IM  WITH  VHF  TRANSMISSIONS.  On 
comparing  the  measurements  and  equipment  status  of  this  test  with  those  of 
test  C,  it  is  seen  that  there  are  significant  differences.  Transmitters  were  at 
much  higher  frequencies  and  much  lower  power,  and  their  signals  were  radiuted 
from  separate  antennas.  Also,  no  special  measures  were  taken  to  prevent  the 
fundamental  signal  of  one  transmitter  from  reaching  the  finul  amplifier  of  the 
other  transmitter.  The  filters  required  were  not  available  at  NELC  at  the  time 
of  the  tests.  Thus,  it  is  possible  that  some  of  the  observed  IM  interference  was 
generated  in  the  transmitters  themselves. 

Because  of  the  change  in  transmitter  frequencies,  the  URM-47  had  suf¬ 
ficient  selectivity  to  resolve  the  components  of  the  intcrmodulation  spectrum 
in  this  test.  When  these  two  vhf  transmitter  fundamental  frequencies (33. 75 M Hz 
and  37.75MHz)  are  analyzed  in  like  manner  as  tlve  hf  fundamentals,  It  is  found 
that  the  minimum  theoretical  IM  product  frequency  separation  is  0.25MHz. 

This  is  almost  twice  the  URM-47  bandwidth  (0.13MHz). 

The  results  of  (his  lest  are  fairly  straightforward  shipboard  intermodula¬ 
tion  interference  data.  The  audio  effects  observed  when  receiving  at  2V75MHz 
are  similar  to  audio  effects  observed  in  test  It,  That  is.  signals  from  off-ship 
transmitters  were  mixing  with  own-ship  transmission!.,  causing  significant  IM 
interference  levels.  However,  the  remote  transmitter  frequencies,  the  orders  of 
the  IM  products,  and  the  location  ot  the  interference-generating  nonlinearities 
are  all  unknown.  All  that  is  really  known  is  that  there  is  a  serious  source  of 
interference.  Considering  the  amplitudes  received,  almost  everything  in  the 
area  near  the  receiving  antennas  ( including  these  same  antennas)  is  suspect. ' 

TEST  K-  RECEIVING  UUP  IM  WITH  UIIF  TRANSMISSIONS.  The 
equipment  arrangement  used  in  this  test  is  given  in  figure  6.6,  as  mentioned 
above.  Since  the  minimum  theoretical  intermodulation  frequency  spacing 
between  IM  products  of  the  two  transmitter  fundamentals  (243MII/.  and 
256MHz)  is  I  MHz,  (he  receiving  equipment  can  easily  resolve  the  higher  order 
products.  This  is  because  the  spectrum  analyzer  can  be  operated  with  frequency 
resolution  as  fine  as  I  kHz. 

As  shown  in  table  6.5,  when  measuring  the'  third-order  interniodulation 
product  with  the  SRA-33  terminated  in  the  linear  dummy  load,  a  level  of 
30dB/juV  was  obtained.  This  was  disappointingly  high  compared  to  results  ol 
similar  measurements  made  on  like  design  equipments  aboard  other  ships. 
However,  when  antenna  6-1  was  used,  the  level  rose  to  7!dB//iV.  Therefore, 
the  major  portion  of  the  interference  could  lie  ascribed  to  sources  outside  the 
transmitting  equipments.  Measurements  were  continued  at  successively  higher 
IM  products  using  antenna  6-1  as  the  transmitter  load  until  order  1 3  was 
reached,  yielding  20dB//aV.  At  this  frequency,  antenna  6-6  was  used  for  com¬ 
parison,  yielding  the  much  higher  level  ol'43dB/juV.  At  this  point,  the  test 
using  only  uhf  transmitters  was  terminated.  The  ship  availability  period  was 
drawing  to  an  end,  and  it  was  felt  the  remaining  time  could  be  used  to  better 
advantage  than  determining  the  highest  order  product  between  the  uhf 
transmitters. 


TRST  F  RECEIVING  UHF  IM  WITH  ONE  UHF  AND  ONE  HE 
TRANSMISSION,  Tht'  goal  of  this  test  was  simply  to  determine  whether 
intermodulation  products  generated  by  such  an  arrangement  could  he  detected. 
If  so,  steps  could  he  taken  to  show  whether  the  hf  antenna  itself  was  involved 
in  the  generation  of  the  delected  IM,  Accordingly,  a  length  of  dry  nylon  line 
was  attached  to  the  hr  transmitting  antenna  (2-5)  at  the  07  level  so  that  it 
could  he  safely  swung  with  high  rf  power  applied.  Otherwise,  the  method  of 
operating  the  equipments  and  the  measured  results  are  those  summarized  in 
table  ft.fi.  Noie  that  the  power  of  the  hf  transmitter  was  increased  to  400  watts 
for  this  test. 

The  levels  received  at  the  third-order  product.  273.fi  I  OMHx,  are  very 
interesting  and  significant.  The  initial  “as  found”  level  was  fidB//jV,  average. 
After  the  antenna  was  swung,  the  average  level  increased  to  2f>d B/<u V,  There¬ 
fore,  some  junction-type  of  nonlinearity  within  antenna  2-5  contributed  in  a 
major  way  to  the  interference  level  received  on  antenna  fi-l .  This  means  that, 
at  the  uhf  transmitter  fundamental  frequency, sufficient  energy  was  present  in 
the  junction  to  cause  the  interference.  Decoupling  between  the  two  antennas 
can  safely  be  estimated  as  30dB.  Therefore,  the  uhf  power  in  antenna  2-5  can 
he  estimated  as  a  few  milliwatts.  Of  course,  the  generated  uhf  IM  product  had 
to  he  radiated  back  to  antenna  ft- 1  in  order  that  the  lest  receiver  could  detect 
it.  so  the  total  of  antenna  and  decoupling  losses  had  to  he  overcome.  Thus, 
llie  k’vel  in  antenna  2-5  was  much  higher  than  (hat  received.  What  is  probably 
more  significant,  however,  is  the  apparently  wideband  operation  of  the  inter¬ 
ference  source.  Who  can  say  just  what  frequency  this  action  stops?  Foi 
example,  antenna  2-5  is  illuminated  by  the  Sl’S-40  radar,  which  operates  at 
frequencies  somewhat  above  400MHz.  It  is  entirely  reasonable  to  assume  that 
significant  interference  is  caused  by  intermodulation  between  the  powerful 
transmitted  radar  pulse  currents  and  hf  transmitter  fundamental  currents  flow¬ 
ing  in  antenna  2-5.  Such  IM  interference  would  be  in  addition  to  the  radar 
spectrum  “skirt"  interference,  making  an  already  bad  situation  much  worse. 

Returning  to  table  fi.fi.  it  is  surprising  that  orders  higher  than  5  were 
not  detected.  The  noise  level  of  the  receiving  system  is  equivalent  to  less  than 
-23d B//uV  when  measured  at  point  A  in  figure  fi.fi  and  when  I  kHz.  baiulwhlth 
is  used.  This  is  approximately  5()dU  below  me  measured  level  of  the  IhirJ- 
ordcr  products.  Therefore,  good  measurements  through  at  least  the  seventh 
order  should  have  been  possible.  Probably,  the  junction  source  of  interference 
in  the  antenna  was  disturbed  by  some  small  mechanical  force  such  as  the 
breeze.  This  could  have  caused  it  to  cease  acting,  just  as  shaking  caused  it 
to  start. 


6,5  PROBING  TESTS 

Hie  probing  tests  were  designed  to  give  more  detailed  information 
about  sources  of  topside-genera  ted  iiitermodulation  interference  than  the 
previously  described  seetionaliz.ing  tests.  Since  the  technical  goals  were  dif¬ 
ferent.  considerably  different  procedures  were  used  and  different  data  resulted. 


6.5.1  INSTRUMKNTAT10N/PR0CRDURF.S 

The  transmitting  system  used  in  these  tests  is  given  in  figure  6.3.  It 
was  operated  in  lockccMccy  mode,  which  was  not  true  in  the  sectionali/.ing 
tests.  On  the  other  hand,  two  receiver  systems  were  used.  One  receiver,  here¬ 
after  called  the  reference  receiver,  was  the  equipment  connected  as  in  figure  6.5, 
except  that  only  a  single  vhf  antenna  was  used,  The  reference  receiver  was 
tuned  to  520,)SkHz,  which  is  the  frequency  1 4FI-4F2.  The  second  receiver 
system  is  called  the  probing  system,  and  is  described  in  figure  6,7,  This  system 
was  tuned  to  28  25 1  kHz  ( 1 .31- 1  -Al'2 ),  Battery  operation  of  the  probing 
receiver  is  essential  since  it  must  be  carried  about  topside,  ‘flic  loop  antenna 
is  used  to  probe  specific,  suspected  inlermodulation  generators  at  the  tuned 
frequency.  Having  found  some  physical  feature  of  the  ship  which  is  carrying 
the  IM  current,  it  is  necessary  to  prove  that  the  signal  from  that  source  is  in 
fact  detectable  by  the  ship's  receivers.  That  is  the  function  of  the  reference 
receiver.  The  delected  average  level  using  this  reference  is  observed  while  the 
suspected  inlcrlVrenec  source  is  mechanically  manipulaled.  if  a  iiincfioii  i;  p, 
offender  is  suspected,  i  Ins  changes  the  properties  of  the  junction  and,  thus, 
the  IM  level  generated  therein.  If  the  average  level  al  the  reference  receiver 
changes  in  synchronism,  a  significant  source  has  been  loealed.  Naturally,  due 
regard  must  he  given  to  personnel  safety,  as  was  done  during  the  probing  test 
of  antenna  2-5.  with  power  applied.  In  that  ease,  junctions  were  disturbed  with 
a  long  dielectric  rod. 

When  probing  al  the  flight  deck  level,  the  above  procedure  was  varied 
somewhat  as  a  matter  of  convenience.  A  suspected  signil  leant  source  was 
found  with  the  probe,  as  before.  Next,  the  probe  antenna  was  used  to  sense 
the  intermodulalion  current  flowing  in  a  nearby  receiving  antenna,  such  as 
antenna  1-4.  Then,  the  suspect  junction  was  disturbed,  and  the  same  decision 
rule  applied. 
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l;igurc  6.7.  I  WO  JIMA  111' topside  IM  source  locating  equipment. 


Notice  the  multiplicity  of  springs,  shackles,  Uirnbuckles,  etc,,  used  to  hold  the 
assembly  together.  Almost  every  joint  in  the  assembly  yielded  some  sort  of 
interference  effect.  Some  yielded  only  bursts  of  broadband  noise,  while 
others  also  caused  measurable  changes  in  the  average  level  of  the  intermodule* 
lion  product  at  the  reference  receiver.  The  lower  photograph  (B)  shows 
another  view  taken  looking  aft  from  a  point  just  to  starboard  of  the  antenna 
feedpeint.  The  structure  in  the  background  supports  several  vhf  communica¬ 
tions  antennas,  which  can  be  seen  mounted  around  its  upper  edge.  Some  of 
these  antennas  are  almost  within  arms'  reach  of  antenna  2-5. 

A. 


B. 
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Figure  6.9.  Fccdpoini  and  matching  network  of  IWO  JIMA  antenna  2-5  showing  ferromagnetic 
steel  feed  block  (A)  and  copper  straps  “grounding"  steel  case  to  steel  support  bracket  (B). 


Figure  6,*)  shows  two  close-up  views  of  the  antenna  impedance  match¬ 
ing  network.  In  the  upper  photograph  (6.9A),  the  antenna  feedpoint  and  its 
supporting  strain  insulator  can  be  seen,  Figure  6, 1 0  shows  two  close-up  views 
of  the  feedpoint  hardware.  Almost  all  the  equipment  in  these  four  photo¬ 
graphs  is  made  of  ferromagnetic  steel.  Exceptions  are  the  antenna  wires 
themselves,  the  feedwire,  the  insulators,  and  the  copper  scrap',  (fig,  6.9B)  which 
arc  Used  to  “ground"  the  steel  ease  of  the  matching  network  to  its  steel  support 
bracket.  It  Is  believed  the  use  of  the  ferromagnetic  parts  In  the  high  eurrent 
paths  of  the  antenna  yielded  the  very  steady  levels  of  intcrmodulation  products 
observed  in  sectlonalizlng  test  B  (table  6.2). 


Probing  was  extended  to  other  items  on  the  island.  Two  sources  outside 
antenna  2-5  were  found.  One  of  these  is  shown  in  figure  6.1 1 .  In  figure  6.1 1  A, 
a  protective  waveguide  cover  touches  the  sharp  edge  of  the  waveguide.  In 
figure  6.1 1 B.  Hie  same  aluminum  cover  is  bolted  to  a  steel  support  bracket. 


COVER  TOUCHING 
SHARP  EDGE 
OF  WAVEGUIDE 


figure  6.1 1 .  IWO  JIMA  topside  IM  source:  protective  aluminum  waveguide  cover. 


After  probing  of  the  island  was  complete,  the  flight  deck  areas  were 
investigated.  Surprisingly,  of  all  the  many  possibilities,  only  the  two  lifeline 
assemblies  at  the  extreme  fore  and  aft  ends  of  the  flight  deck  were  found  to 
be  generators  ot  high-order  intcrmodulation.  Figure  6. 1 3  A  shows  how  the 
IM  signal  was  sensed  at  the  ship’s  receiving  antennu,  while  figure  6.I3B  shows 
one  set  of  lifeline  junctions.  There  were  several  items  which  generated  only 
bursts  of  noise  detectable  at  the  ship's  receiving  antennas  when  the  items  were 
shaken.  These  were  the  jackstaff  and  the  flagstaff  and  several  short,  metallic 
ladders  leading  down  from  the  flight  deck  to  the  peripheral  gallery, 
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l-igitrc  6.13.  livaluuting  IWO  JIMA  topside  IM  sources:  lifeline  assemblies  on  flight  deck. 


6.6  TOPSIDE  INSPECTION 

The  probing  tests  concluded  actual  quantitative  testing  aboard  1WO 
JIMA.  However,  the  investigators  were  concerned  that  other  broadband  trans¬ 
mitting  antennas  aboard  the  ship  would  exhibit  nonlinear  properties  similar  to 
antenna  2-5.  Antenna  2-8  ( 1 8-27MHz)  was  visually  inspected  using  binoculars. 
Hardware  similar  to  that  of  antenna  2-5  was  used,  and  some  parts  were  rusty, 
indicating  use  of  ferromagnetic  materials.  Antenna  2-1  (2*6MHz)  was  given 
closer  inspection  since  it  was  lowered  to  the  flight  deck  one  day  for  maintenance. 
Figure  6.14  shows  two  views  of  the  ferromagnetic  blocks  used  as  the  feedpoints 
of  this  antenna. 


A. 


Figure  6.14.  !WO  JIMA  antenna  2-1,  feed  point  details. 


6,7  GUIDANCE 

Thu1  communications  suit  aboard  I  WO  JIMA  is  to  be  modernized.  It 
is  believed  the  result  will  be  a  suit  very  much  lik.  that  of  her  sister  ship  USS 
TRIPOLI.  TRIPOLI  has  three  broadband  hf  receiving  antennas  each  feeding 
the  appropriate  SRA-38,  -39,  *40  series  receiving  nuiltieoupler.  Broadband 
island  transmitting  antennas  are  fed  by  SRA-56.  -57,  -58  nuiltieouplers. 

Shaped  feed  antennas  (as  opposed  to  the  old-style  folded  fan)  are  used  in  the 
6-3()Mllz  range,  while  the  twin-fan  type  is  retail.  *d  in  the  2-ftMHz  band.  At 
vhf,  transceivers  are  protected  from  interacting  vith  each  other  by  use  of 
SRA-60  nniltieouplers  with  broadband  AS-2231  •ntennus.  These  design 
changes  are  based  on  sound  engineering  approaches  to  compatible  operation 
of  communications  equipments  aboard  warships.  They  are  essential. 
Unfortunately,  they  are  not  sufficient. 

Sufficiency  requires  that  generation  of  inlermodulation  interference 
in.  say.  the  broadband  circuitry  of  a  transmitting  system  he  suppressed.  Linear 
oper it  ion  of  the  signal  combiner  in  the  transmitting  nuiltieoupler,  the  coaxial 
cable,  tlm  antenna  matching  network,  and  the  antenna  itself  >'  nceessaiy . 
Powerful  transmitter  fundament'll  currents  :!ow  in  these  equipments,  If  ,•  >n- 
lincuritics are  present,  high-level  IM  interference  will  be  generated.  Then,  the 
carefully  designed,  highly  efficient  antenna  will  radiate  the  interference  for 
detection  by  own-ship  receivers.  As  the  data  of  this  document  show,  failure  to 
achieve  linear  operation  of  a  broadband  transmitting  antenna  can  produce  sig¬ 
nificant  interference  levels  over  a  band  of  frequencies  much  greater  than  the 
design  bandwidth  of  the  antenna.  To  avoid  similar  effects  in  the  modernized 
transmitter  system,  the  new  antenna  matching  networks  and  the  new  antennas 
must  not  include  the  following:  (a)  loose  joints  or  joints  lluu  can  become  loose 
after  subjection  to  shock,  vibration,  and  corrosive  atmospheres;  (h)  ferromag¬ 
netic  materials.  Further,  restriction  of  this  guidance  to  just  the  hf  transmitting 
systems  would  be  erroneous,  it  should  be  applied  to  other  bands,  whether 
receiving  or  transmitting. 

An  example  of  this  line  of  thinking  is  the  AS-2231  vhf  dipole.  An 
antenna  of  this  type  is  presently  undergoing  shock  and  vibration  testing  at 
NFLC.  It  was  visually  inspected  for  possible  nonlinear  elements  hefom  those 
tests  were  begun.  In  the  weatherproof  box  wherein  the  coaxial  cable  is  con¬ 
nected  to  the  antenna  assembly,  two  hermetically  sealed  coaxial  connectors 
were  found:  one  was  a  UG-30E/U  double  female;  tile  other  was  a  UG-680/U 
panel  connector.  Since  the  box  is  only  weatherproof,  hermetically  sealed 
connectors  which  have  ferromagnetic  center  c  inductors  are  not  required. 

They  should  be  replaced  with  UG-30/U  (note  die  absence  of  the  letter  suffix!) 
and  UG-58A/U  types.  Unfortunately,  the  UG-30/U  is  not  available  from 
Navy  supplies: it  must  be  obtained  from  commercial  sourt.es. 

It  is  believed  that  guidance  given  by  NEI.C  directed  toward  reduction 
of  inlermodulation  interference  aboard  LPU-cluss  ships  should,  at  this  time, 
be  limited  in  scope.  Tests  were  not  carried  out  with  the  higher  transmitter 
powers  as  described  in  section  6.4.  The  primary  icason  for  this  was  tnat  the 
"worst"  source  of  interference  (transmitting  antc.nu.  2-5)  could  not  be  tem¬ 
porarily  eliminated  so  that  many  less  important  sources  could  be  found.  Tints, 
a  minimum  plan  has  been  prepared  which  would  el  minute  the  most  important 
sources.  It  is  believed  thi.,  plan  will  achieve  sign.fL.jnt  reduction  of  topside 
IM  interference  at  reasonable  cost.  Figure  6.15  summarizes  the  essential 
1  entities  of  this  plan. 
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l-’ipmc  (>.15.  Mniiimmi  elTcclivc  i * i  itfiluctMW  plan  lot  amphibious  .isMMilf  ships 
li.isi'tl  mi  icsis ahoimt  1WO.IIMA, 


ITEM 

CATEGORY' 

DESCRIPTION 

ACTION  REQUIRED 

1 

A 

TRANSMIT  ANTENNA 

REPLACE  WITH  NEW  DESIGN;  NEW  ANTENNA  MUST  NOT 
INCLUDE  FERROMAGNETIC  MATERIALS  OR  UNBONDED 
CONNECTIONS. 

2 

A 

TRANSMIT  ANTENNA 

SEE  ITEM  1 

3 

A 

TRANSMIT  ANTENNA 

SEE  ITEM  1 

1 

4 

A 

TRANSMIT  ANTENNA 

• 

SEE  ITEM  1 

5 

A 

AS  2231 

REPLACE  UG-30E  AND  UG-680  WITH  UG-30  AND  UG-5BA. 

G 

B 

WAVEGUIDE  COVER 

MAKE  NEW  OF  1/1 6>n  STEEL,  WELDED  ASSEMBLY, 

TACK  WELD  TO  SHIP 

7 

B 

BOW  LIFE  LINE 

REPLACE  PER  NAVSHIPS  DWG  GOO-4413577  AND 

NAVSCC  DWG  805-4543251 

H 

B 

AF  T  LIFE  LINE 

SEE  ITFM  7. 

9 

U 

TYPICAL  TRANSMIT 
WHIP  SYSTEM 

COMPLETE,  BASIC  HEDESIUN  OF  hf  tr>  v emission 

LINE  COMPONENTS.  FILTER  PROMOTION  FOR 
TRANSMITTER  RE-OUIRED  NO  IMMEDIATE  SOLUTION* 

to 

n 

TYPICAL  DECK  EDGE 
LADDER 

TACK  WELD,  WHERE  POSSIBLE.  TO  SHIP 

11 

D 

JACKSTAFF 

REPLACE  WITH  GLASS  REINFORCED  PLASTIC  DESIGN 

12 

D 

FLAGSTAFF 

REPLACE  WITH  GLASS  REINFORCED  PLASTIC  DESIGN 

•CATtnoriES  A  MAJOR  SOURCE;  GENERATES  HIGH-LEVEL.  HIGH-ORDER  IM  AND  NOISE  BURSTS; 
EFFECTIVE  OVER  WIDE  FREQUENCY  RANGE. 


B  PRIMARY  SOURCE;  SIMILAR  TO  A.  BUT  HAS  EITHER  LOWER  LEVELS 
OR  REDUCED  BANDWIC.  H. 

C  -  SECONDARY  SOURCE;  SOURCE  OF  LOW-ORDER  IM  AT  LOW  TRANSMITTER  POWER. 

D  POTENTIAL  SOURCE  INOT  A  PROVEN  SOURCE);  AT  LOW  POWER,  GENERATES 
DETECTABLE  NOISE  S'  FISTS  UNLY;  HIGHER  TRANSMITTER  POWER  MAY  CAUSE 
DETECTABLE  IM  GENERATlOf!- 

NOTE  PLAN  ASSUMES  MODERNIZATION  OF  SHIPS'  COMMUNICATIONS  SUIT  &  ANTENNA  ARRANGEMENT 
WILL  BE  DONE  CONCURRENTLY. 
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6.8  CONCLUSIONS  AND  RECOMMENDATIONS 

u.  The  objectives  of  the  inrermod ulution  interference  measurements 
program  aboard  IWO  JIMA  have  been  achieved.  Data  were  obtained  which 
conclusively  show  that  one  broadband  hf  transmitting  antenna  is  the  most 
serious  source  of  IM  interference.  Since  the  remaining  broadband  antennas 
were  constructed  using  the  same  fabrication  techniques  or  materials,  guidance 
has  been  given  whereby  the  same  undesired  performance  characteristics  can 
be  avoided  in  (he  new,  modernized  antennas  to  he  installed.  In  addition  to 
the  antennas,  removal  of  several  other  sources  of  interference  having  some¬ 
what  less  serious  effects  is  recommended. 

b.  As  a  result  of  this  program,  the  technique  of  using  higher  order 
intermod illation  products  to  identify  the  most  serious  topside  interference 
sources  has  been  shown  to  be  effective.  Some  improvements  are  needed, 
however,  to  speed  the  process  so  that  the  work  can  be  done  more  economi¬ 
cally.  More  theoretically,  the  method  of  analyzing  IM  frequency  spectra  has 
been  extended  so  that  several  heretofore  unexplained  phenomena  can  now 
be  predicted.  'I  his  extended  method  is  described  in  detail  in  reference  2. 
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13  AjST^CT  *  ‘ 

The  results  of  measurements  of  intermodulation  (IM)  interference  taken  aboard  USS  MOUNT 
WHITNEY ,  USS  BLUE  RIDGE,  and  USS  IWO  J  IM  A  are  presented.  In  addition,  the  results  of  laboratory 
tests  of  connectors  that  were  interference  sources  aboard  BLUE  RIDGE  arc  reported. 

IM  interference  levels  measured  aboard  MOUNT  WHITNEY  were  determined  to  be  lower  than 
those  aboard  USS  FOX  (DLG  .73).  which  was  previously  considered  to  have  the  lowest  topside-generated 
rfi  levels  among  active  Fleet  warships. 

Interference  levels  at  hf  and  vhf  on  BLUE  RIDGE  were  found  to  be  higher  than  MOUNT  WHITNEY 
levels  but  still  lower  than  those  on  FOX. 

U1IE  IM  interference  measurements  taken  aboard  BLUE  RIDGE  indicated  serious  sources  of 
interference  in  PHASOR  90  transmitting  systems.  Substituting  connectors  not  having  nonlinear  material 
for  the  Prodelin  cable  connectors  and  in  the  PHASOR  90  power  divider  was  proposed  as  a  corrective 
measure. 

By  applying  new  measurement  techniques,  important  sources  of  topside-generated  interference  were 
located  and  identified  aboard  IWO  JIMA.  A  plan  of  minimum  topside  rfi  control  measures  for  LPH-class 
ships  was  devised  which,  while  not  reducing  levels  to  those  of  FOX,  will  effect  a  major  improvement  at 

minimum  cost, 
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